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(54) THIN-FILM MAGNETIC HEAD AND METHOD OF MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin-film magnetic 
head having high sensitivity and stable reproducing performance, 
by supplying stable longitudinal bias and to provide a method for 
manufacturing the thin-film magnetic head, in a reproducing head 
having a narrower gap length for the purpose of reproducing a 
recorded signal of a short wavelength accompanying making of > v 
higher recording density. 

SOLUTION: A connection magnetic field at a part connected 
with a part having a large film thickness of a bias 
antiferromagnetic film of a free magnetic layer can be 
strengthened and a connection magnetic field at a part 
connected with a part having thin-film thickness of the bias 
antiferromagnetic film of the free magnetic layer can be 
weakened by forming the bias antiferromagnetic film having a 
stepped part by the difference of film thickness on the free 
magnetic layer formed at the highest part of the magneto 
resistive element Thereby, Barkhausen noise can be stably 
suppressed regardless of the gap length and reproducing 
sensitivity can be enhanced 
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CLAIMS 



[Claim(s)] 

[Claim 1] The magnetore si stance-effect type thin film magnetic head which consists of a vertical bias layer which has 
a magnetore si stance-effect element through an insulating material, and was prepared in contact with the 
aforementioned magnetoresistance-effect element between the lower shield layers and up shield layers which are 
characterized by providing the following, and an electrode lead layer for passing the signal current. The 
magnetoresistance-effect element which consists of an antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic 
conductive layer, and a free magnetic layer. The bias antiferromagnetism film which has the 1 st flat surface with the 
level difference by the thickness difference, and the 2nd flat surface. 

[Claim 2] The joint magnetic field by antiferromagnetism combination of the portion of the aforementioned free 
magnetic layer which is in contact with the portion of the aforementioned bias antiferromagnetism film which 
constitutes the 1st small flat surface of the above of thickness is 8 kA/m. Following (below lOOOe ) 
Th thin film magnetic head according to claim 1 which comes out arid is characterized by a certain thing. 
[Claim 3] The manufacture method of the thin film magnetic head characterized by providing the following. The 1 st 
process which carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a 
non-magnetic layer, and the free magnetic layer one by one, and forms a magnetoresistance-effect element on a lower 
gap insulating layer. After forming a bias antiferromagnetism layer membrane so that the aforementioned 
magnetoresistance-effect element top may be covered. The 2nd process which forms a bias antiferromagnetism film 
with the level difference which consists of a portion with the small thickness which deletes a part of aforementioned 
bias antiferromagnetism layer membrane, and has the 1 st flat surface, and a large portion of the thickness which has 
the 2nd flat surface, The 3rd process which deletes a part of electrode lead layer membrane at least, and forms the 
electrode lead layer of a right-and-left couple so that the aforementioned bias antiferromagnetism film top may be 
covered, an electrode lead layer membrane may be formed and a part of 1st flat surface [ at least ] of the 
aforementioned bias antiferromagnetism film may be exposed. 

[Claim 4] the 3rd process of a claim 3 — setting — a 1 st [ of the aforementioned bias antiferromagnetism film ] 
flat- surface top — a mushroom — the manufacture method of the thin film magnetic head according to claim 3 
characterized by having the 3rd process which forms a type resist and forms the electrode lead layer of a 
right-and-left couple on the aforementioned bias "antiferromagnetism film 

[Claim 5] The 2nd process of a claim 3 and the 3rd process which are characterized by providing the following. The 2nd 
process which forms a bias antiferromagnetism layer membrane so that the aforementioned free magnetic layer top 
may be covered. Furthermore, so that a part of aforementioned bias antiferromagnetism layer membrane may be 
shaved off and it may expose, after forming an electrode lead layer membrane so that a it top may be covered A part of 
aforementioned electrode lead layer membrane and each aforementioned bias antiferromagnetism layer membrane are 
deleted. The upper surface of the aforementioned bias antiferromagnetism layer membrane which it was deleted and 
was exposed The 1 st flat surface. The 3rd process which forms the electrode lead layer of a right-and-left couple on 
the 2nd [ of the bias antiferromagnetism film which has a level difference by the thickness difference which makes the 
upper surface of the aforementioned bias antiferromagnetism layer membrane at the time of membrane formation the 
2nd flat surface, and the aforementioned bias antiferromagnetism film ] flat surface. 

[Claim 6] The manufacture method of the thin film magnetic head characterized by providing the following. The 1 st 
process which carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a 
non-magnetic layer, and the free magnetic layer one by one, and forms a magnetoresistance-effect element on a lower 
gap insulating layer. So that the aforementioned free magnetic layer top which constitutes the aforementioned 
magnetoresistance-effect element may be covered A type resist is formed, the 1 st bias antiferromagnetism film — 
forming membranes — the upper surface of the bias antiferromagnetism film of the above 1st — a mushroom — The 
upper surface which carried out membrane formation formation of the 2nd bias antiferromagnetism film of a 
right-and-left couple, and has exposed the bias antiferromagnetism film of the above 1st The 1st flat surface. The 
upper surface of the bias antiferromagnetism film of the above 2nd is made into the 2nd flat surface, and the thickness 
of the portion of the 1 st flat surface of the above is the thickness of the bias antiferromagnetism film of the above 1 st. 
The 2nd process which forms the bias antiferromagnetism film which whose thickness of the portion of the 2nd flat 
surface of the above is the sum of the thickness of the bias antiferromagnetism film of the above 1 st, and the thickness 
of the bias antiferromagnetism film of the above 2nd, and has the level difference which has a thickness difference 
among them. The 3rd process which carries out membrane formation formation of the electrode lead layer of a 
right-and-left couple on the bias antiferromagnetism film of the above 2nd. 

[Claim 7] So that the aforementioned free magnetic layer top which constitutes the aforementioned 
magnetoresistance-effect element may be covered in the 2nd process of a claim 6 A type resist is formed, the 1 st bias 
antiferromagnetism film — forming membranes — the upper surface of the bias antiferromagnetism film of the>above 
1st — a mushroom — After cleaning the upper surface of the bias antiferromagnetism film of the above 1st, membrane 
formation formation of the 2nd bias antiferromagnetism film of a right-and-left couple is carried out. The 1 st flat 
surface and the upper surface of the bias antiferromagnetism film of the above 2nd are made into the 2nd flat surface 
for the upper surface which has exposed the bias antiferromagnetism film of the above 1 st. The manufacture method of 
the thin film magnetic head according to claim 6 characterized by having the 2nd process which forms a bias 
antiferromagnetism film with the level difference by the thickness difference between the 1st flat surface of the above, 
and the 2nd flat surface of the above. 

[Claim 8] So that the bias antiferromagnetism film top of the above 2nd of the portion which the bias 
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antiferromagnetism film of the above 1st exposed, and a right-and-left couple may be covered, after deleting the resist 
formed at the 2nd process of the above in the 3rd process of a claim 6 So that an electrode lead layer membrane may 
be formed and some bias antiferromagnetism films [ at least ] of the above 1 st may be exposed The manufacture 
method of the thin film magnetic head given in either the claim 6 characterized by deleting a part of aforementioned 
electrode lead layer membrane at least and having the 3rd process which forms the electrode lead layer of a 
right-and-left couple, or the claim 7. 

[Claim 9] the 1 st flat^surface top of the bias antiferromagnetism film of the above 1 st after deleting the resist formed 
at the 2nd process of the above in the 3rd process of a claim 6 — a mushroom — the manufacture method of the thin 
film magnetic head given in either the claim 6 characterized by having the 3rd process which forms a type resist and 
forms the electrode lead layer of a right-and-left couple, or the claim 7 

[Claim 10] The manufacture method of the thin film magnetic head according to claim 3 to 9 characterized by having 
the 4th process which forms a cap layer so that the portion top which the 1 st flat surface of the aforementioned 
electrode lead layer of the right-and-left couple formed on the aforementioned bias antiferromagnetism film which has 
a level difference, and the aforementioned bias antiferromagnetism film exposed may be covered. 
[Claim 1 1] The manufacture method of the thin film magnetic head characterized by providing the following. The 1st 
process which carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a 
non-magnetic layer, and the free magnetic layer one by one, and forms a magnetoresistance-effect element on a lower 
gap insulating layer. A type resist is formed, the aforementioned free magnetic layer top — a wrap — like — the 1 st 
bias antiferromagnetism film — forming membranes — further — a it top — a wrap — the cap layer top 
aforementioned after forming a cap layer like — a mushroom — Shave off a part of aforementioned cap layer at least, 
and membrane formation formation of the 2nd bias antiferromagnetism film of a right-and-left couple is carried out on 
it so that the bias antiferromagnetism film of the above 1st may be exposed. The upper surface of the bias 
antiferromagnetism film of the above 1st which touched the aforementioned cap layer The 1st flat surface. The upper 
surface of the bias antiferromagnetism film of the above 2nd is made into the 2nd flat surface, and the thickness of the 
portion of the 1st flat surface of the above is the thickness of the bias antiferromagnetism film of the above 1st. The 
2nd process which forms the bias antiferromagnetism film which whose thickness of the portion of the 2nd flat surfac 
of the above is the sum of the thickness of the bias antiferromagnetism film of the above 1st, and the thickness of the 
bias antiferromagnetism film of the above 2nd, and has the level difference which has a thickness difference among 
them. The 3rd process which carries out membrane formation formation of the electrode lead layer of a right-and-left 
couple on the bias antiferromagnetism film of the above 2nd. 

[Claim 1 2] the cap layer top aforementioned after deleting the resist formed at the 2nd process of the above in the 3rd 
process of a claim 11 — a mushroom — the manufacture method of the thin film magnetic head according to claim 1 1 
characterized by forming a type resist and having the 3rd process which carries out membrane formation formation of 
the electrode lead layer of a right-and-left couple 

[Claim 13] After deleting the resist formed at the 2nd process of the above in the 3rd process of a claim 1 1, so that 
the aforementioned bias antiferromagnetism film [ of the above 2nd ] and cap layer top may be covered So that an 
electrode lead layer membrane may be formed and a part of aforementioned cap layer [ at least ] may be exposed Th 
manufacture method of the thin film magnetic head given in either the claim 1 1 characterized by deleting a part of 
aforementioned electrode lead layer membrane at least, and having the 3rd process which forms the electrode lead 
layer of a right-and-left couple, or the claim 1 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is applied to the equipment which performs high-density 
record and reproduction to magnetic-recording media, such as a magnetic disk unit (HDD equipment), gives the bias 
magnetic field especially stabilized in the free magnetic layer of a magnetoresistance-effect element, and relates to the 
high magnetoresistance-effect type thin film magnetic head and its manufacture method of a regeneration efficiency. 
[0002] 

[Description of the Prior Art] In recent years, in the record and reproduction to magnetic-recording media, such as a 
magnetic disk unit (HDD equipment), improvement in processing speed and the need for large-capacity-izing of storage 
capacity are increasing, and the measure for a raise in recording density is being strengthened. 
[0003] Hereafter, the conventional thin film magnetic head is explained using a drawing. 

[0004] Drawing 21 and drawing 22 are drawings showing the conventional thin film magnetic head, drawing 21 is a tropia 
schematic diagram and drawing 22 is the transverse-plane ****** type view of the thin film magnetic head. 
[0005] For example, the thin film magnetic head used for the record reproduction to the magnetic-recording medium of 
the signal in a magnetic disk unit has many which are called so-called MR (GMR) inductive combined head as shown in 
drawing 2 1 . 

[0006] In drawing 21 , the nonmagnetic insulating material of aluminum203, AIN, or Si 02 grade is used on the lower 
shield layer 21 1 formed by soft magnetic materials, such as a permalloy, Co system amorphous magnetic film, or Fe 
system alloy magnetic film, the lower gap insulating layer 212 is formed, and it is a magnetoresistance-effect element 
(MR element or GMR element) to the upper surface further. Laminating membrane formation formation of the 213 
called GMR element is carried out hereafter, and the vertical bias layer 214 is formed by the right-and-left both-sid s 
edge of the GMR element 213 with material, such as a CoF*t alloy. Furthermore, the ridgeline which is a nodal lin of the 
upper surface and the both-sides side of the GMR element 213 to make is touched, material, such as Cu, Cr, or Ta, is 
used for the upper surface of the vertical bias layer 214, and the electrode lead layer 215 of a right-and-left couple is 
formed. Here, as the upper surface of the vertical bias layer 214 and the upper surface of a part of GMR element 213 
are started, you may form the electrode lead layer 205. Next, the up gap insulating layer 216 is formed on the portion 
which the electrode lead layer 215 and the GMR element 213 exposed using the same nonmagnetic insulating material 
as the lower gap insulating layer 212. Furthermore, on the up gap insulating layer 216, membrane formation formation of 
the up shield layer 217 is carried out using the same soft magnetic materials as the lower shield layer 21 1, and the 
magnetoresistance-effect type thin film magnetic-head section 218 for reproduction is constituted. 
[0007] Next, the record gap layer 221 is formed using the same nonmagnetic insulating material as the lower gap 
insulating layer 212 on the upper surface of the up shield layer 217. Furthermore, the up shield layer 217 is countered 
through the record gap layer 221. And membrane formation formation of the up magnetic pole 222 which is in contact 
with the up shield layer 217 is carried out using soft magnetic materials in other portions. Between the up shield layer 
217, the portion which the up magnetic pole 222 has countered, and the portion to which the up magnetic pole 222 is in 
contact with the up shield layer 217, through the record gap layer 221 The coil coil 223 insulated from the up shield 
layer 217 and the up magnetic pole 222 through the insulating material (not shown) is formed, and the induction-type 
thin film magnetic-head section 220 for record is constituted. Here, the up shield layer 21 7 has the function which 
combines the shield function of the magnetoresistance-effect type thin film magnetic-head section 218 for 
reproduction, and the lower magnetic pole function of the induction-type thin film magnetic-head section 220 for 
record. 

[0008] By supplying record current to the coil coil 223, a record magnetic field occurs in the up magnetic pole 222 and 
the up shield layer 217 of the induction-type thin film magnetic-head section 220 for record, magnetic leakage flux 
occurs between the up magnetic poles 222 and the up shield layers 217 which counter through the record gap layer 
221, and a record signal is recorded on a magnetic-recording medium. Moreover, the magnetic field of the signal 
recorded on the magnetic-recording medium by which the signal was recorded is reproduced in the 
magnetoresistance-effect type thin film magnetic-head section 218 for reproduction, and the regenerative signal 
according to the resistance change by the GMR element 213 is detected from the terminal of the electrode lead layer 
215. 

[0009] As the transverse-plane ****** type view near [ in the reproducing-head section of the thin film magnetic head 
] the magnetoresistance-effect element is shown in drawing 22 On the lower gap insulating layer 212 formed by the 
upper surface of the lower shield layer 21 1 The antiferromagnetism layer 224, FeNi system alloy film which are material, 
such as a FeMn system alloy film and a PtMn system alloy film Laminating membrane formation of the cap layer 228 
made from the non-magnetic layer 226 made from the fixed magnetic layer 225 made from a permalloy, Co, a FeCo 
alloy film, etc., Cu, etc., the fixed magnetic layer 225 and the free magnetic layer 227 made into the same material, Ta, 
etc. is carried out one by one. It is shaved off so that it may have the field where the right-and-left both-sides edge 
inclined at etching processes, such as ion milling, and the GMR element 213 is formed. The right-and-left both-sides 
end face of the GMR element 213 is touched, the vertical bias layer 214 of a right-and-left couple is formed, and the 
electrode lead layer 215 of a right-and-left couple is formed on it. Furthermore, on them, the up gap insulating layer 
216 is formed, the up shield layer 21 7 is further formed on it, and the magnetoresistance-effect type thin film head for 
reproduction is constituted. In order to reproduce the record signal of the short wavelength corresponding to a raise in 
recording density in recent years, the reproduction head gap length 229 is becoming still smaller. 
[0010] 
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[Problem(s) to be Solved by the Invention] However, in the reproducing-head section of the thin film magnetic head of 
the above-mentioned conventional composition, in order to reproduce the signal recorded on the magnetic-recording 
medium by short wavelength, it is necessary to make reproduction head gap length small. Reproduction head gap length 
The distance, i.e., the lower gap insulating layer, from the upper surface of a lower shield layer to the undersurface of 
an up shield layer. Are the sum of each thickness of a GMR element and an up gap insulating layer, and the vertical bias 
layer of the right-and-left couple which making this distance small has in the both sides of a GMR element will 
approach a lower shield layer or an up shield layer. Although the magnetic field of a vertical bias layer becomes easy to 
escape in a lower shield layer or an up shield layer and a bias magnetic field starts the free magnetic layer near the 
vertical bias layer of a GMR element In order for a bias magnetic field to become weaker in a part for the center 
section of a free magnetic layer (a part for the center section of the direction of the width of recording track), and for 
the direction of magnetization of a free magnetic layer to become unstable, and not to obtain the regenerative signal 
which the noise increased and was stabilized but to obtain the stable regenerative signal Although magnetization of a 
free magnetic layer was stabilized and the Barkhausen noise was suppressed when the cure which strengthens a 
vertical bias magnetic field was performed, sensitivity fell, and the direction of magnetization of a fixed magnetic layer 
also inclined greatly, and had the technical problem that symmetric property got worse. 

[0011] this invention solves the above-mentioned technical problem, adds the vertical bias stabilized in the free 
magnetic layer by the joint magnetic field combined with the antiferromagnetism film which has the level difference 
from which the thickness formed on the free magnetic layer of a GMR element differs in antiferromagnetism, stabilizes 
the direction of magnetization of a free magnetic layer, suppresses generating of a Barkhausen noise, and aims at 
offering the good magnetoresistance-effect type thin film magnetic head and its manufacture method of reproducibility 
ability. 
[0012] 

[Means for Solving the Problem] In order to attain this purpose, the thin film magnetic head of this invention has the 
composition it was made to consist of a magnetoresistance-effect element which consists of an antiferromagnetism 
layer, a fixed magnetic layer, a nonmagnetic conductive layer, and a free magnetic layer, and a bias antiferromagnetism 
film which has the 1 st flat surface with the level difference by the thickness difference, and the 2nd flat surface, 
moreover, joint magnetic field by antiferromagnetism combination of the portion of the free magnetic layer which is in 
contact with the portion of the bias antiferromagnetism film with which the thin film magnetic head of this invention 
constitutes the 1st flat surface with small thickness 8 or less (below lOOOe ) kA/m it is — having made — it has 
composition 

[0013] By this composition, a bias magnetic field strong against a portion (portions other than the 

width-of-recordrng-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is applied. 
On the other hand, although a bias magnetic field must be applied in order to suppress a Barkhausen noise It becomes 
possible [ controlling by thickness of the antiferromagnetism film of each portion easily ] to apply the optimal bias 
magnetic field for a portion (width-of-recording-track portion of a free magnetic layer) not to apply a not much strong 
magnetic field, since reproduction sensitivity will fall if a strong magnetic field is applied, that is, to the free magnetic 
layer which is in contact with the antiferromagnetism film of the portion of the 2nd big flat surface of thickness The 
joint magnetic field by strong antiferromagnetism combination is acquired, and the direction of the magnetization 
becomes what was stabilized very much. The sake. Even if the joint magnetic field by antiferromagnetism combination 
of the portion of the free magnetic layer which is in contact with the antiferromagnetism film of the portion of the 1st 
small flat surface of thickness is small Become easy to be suitable in the direction of magnetization of the free 
magnetic layer which was stabilized and is in contact with the antiferromagnetism film of the portion of the 2nd big flat 
surface of thickness, and the direction of the same magnetization. Moreover, since the antiferromagnetism joint 
magnetic field of the portion of the free magnetic layer which is in contact with the antiferromagnetism film of the 
portion of the 1 st small flat surface of thickness is small, By the external magnetic field, i.e., the magnetic field from a 
magnetic-recording medium, the direction of the magnetization becomes easy to change, there can be little generating 
of a Barkhausen noise, reproduction sensitivity can be high, and reproducibility ability can be stabilized, moreover, since 
there is no influence which is not concerned with gap length, but has the same effect, and this bias magnetic field has 
on a fixed magnetic layer in order to apply a bias magnetic field by the joint magnetic field with an antiferromagnetism 
film and the inclination of magnetization of the fixed magnetic layer by it is not produced, either, degradation of the 
symmetric property of an output wave is suppressed Moreover, by choosing the thickness of the antiferromagnetism 
film of the portion of the first flat surface the optimal, the joint magnetic field of an antiferromagnetism film and a free 
magnetic layer can be stabilized and given to the strength of 8 or less kA/m, and improvement in reproducibility ability 
can be aimed at 

[0014] Moreover, the manufacture method of the thin film magnetic head of this invention So that the 1st process 
which carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a 
non-magnetic layer, and the free magnetic layer one by one, and forms a magnetoresistance-effect element on a lower 
gap insulating layer, and a magnetoresistance-effect element top may be covered The 2nd process which forms a bias 
antiferromagnetism film with the level difference which consists of a portion with the small thickness which deletes a 
part of bias antiferromagnetism layer membrane, and has the 1 st flat surface after forming a bias antiferromagnetism 
layer membrane, and a large portion of the thickness which has the 2nd flat surface, A part of electrode lead layer 
membrane is deleted at least, and it has the 3rd process which forms the electrode lead layer of a right-and-left couple 
so that a bias antiferromagnetism film top may be covered, an electrode lead layer membrane may be formed and a part 
of 1 st flat surface [ at least ] of a bias antiferromagnetism film may be exposed, moreover, the manufacture method of 
the thin film magnetic head of this invention — a 1st [ of a bias antiferromagnetism film ] flat-surface top — a 
mushroom — it has the 3rd process which forms a type resist and forms the electrode lead layer of a right-and-left 
couple on a bias antiferromagnetism film Moreover, th manufacture method of the thin film magnetic head of this 
invention Further with the 2nd process which forms a bias antiferromagnetism layer membrane so that a it top may be 
covered so that a free magnetic layer top may be covered So that a part of bias antiferromagnetism layer membrane 
may be shaved off and it may expose, after forming an electrode lead layer membrane A part of electrode lead layer 
membrane and each bias antiferromagnetism layer membrane are deleted. The upper surface of the bias 
antiferromagnetism layer membrane which it was deleted and was exposed The 1 st flat surface. It has the 3rd process 
which forms the electrode lead layer of a right-and-left couple on the 2nd [ of the bias antiferromagnetism film which 
has a level difference by the thickness difference which makes the upper surface of the bias antiferromagnetism layer 
membrane at the time of membrane formation the 2nd flat surface, and a bias antiferromagnetism film ] flat surface. 
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Moreover, the manufacture method of the thin film magnetic head of this invention So that the 1st process [ which 
carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a non-magnetic layer, 
and the free magnetic layer one by one, and forms a magnetoresistance-effect element on a lower gap insulating layer 
], and free magnetic layer top which constitutes a magnetoresistance-effect element may be covered A type resist is 
formed, the 1 st bias antiferromagnetism film — forming membranes — the upper surface of the 1 st bias 
antiferromagnetism film — a mushroom — The upper surface which carried out membrane formation formation of the 
2nd bias antiferromagnetism film of a right-and-left couple, and has exposed the 1 st bias antiferromagnetism film The 
1 st flat surface, The upper surface of the 2nd bias antiferromagnetism film is made into the 2nd flat surface, and the 
thickness of the portion of the 1st flat surface is the thickness of the 1st bias antiferromagnetism film. The 2nd 
process which forms the bias antiferromagnetism film which whose thickness of the portion of the 2nd flat surface is 
the sum of the thickness of the 1st bias antiferromagnetism film, and the thickness of the 2nd bias antiferromagnetism 
film, and has the level difference which has a thickness difference among them. On the 2nd bias antiferromagnetism 
film, it has the 3rd process which carries out membrane formation formation of the electrode lead layer of a 
right-and-left couple. Moreover, the manufacture method of the thin film magnetic head of this invention A type resist 
is formed, the aforementioned free magnetic layer top which constitutes a magnetoresistance-effect element — a wrap 
— like — the 1 st bias antiferromagnetism film — forming membranes — the upper surface of the 1 st bias 
antiferromagnetism film — a mushroom — After cleaning the upper surface of the 1st bias antiferromagnetism film, 
membrane formation formation of the 2nd bias antiferromagnetism film of a right-and-left couple is carried out The 1 st 
flat surface and the upper surface of the 2nd bias antiferromagnetism film are made into the 2nd flat surface for the 
upper surface which has exposed the 1st bias antiferromagnetism film, and it has the 2nd process which forms a bias 
antiferromagnetism film with the level difference by the thickness difference between the 1 st flat surface and the 2nd 
flat surface. Moreover, the manufacture method of the thin film magnetic head of this invention So that the 2nd bias 
antiferromagnetism film top of the portion which the 1st bias antiferromagnetism film exposed, and a right-and-left 
couple may be covered, after deleting the resist formed at the 2nd process of the above A part of electrode lead layer 
membrane is deleted at least, and it has the 3rd process which forms the electrode lead layer of a right-and-left couple 
so that an electrode lead layer membrane may be formed and a part of 1 st bias antrferromagnetism film [ at least ] may 
be exposed, moreover, the 1st flat-surface top of the 1st [ after the manufacture method of the thin film magnetic 
head of this invention deletes the resist formed at the 2nd process ] bias antrferromagnetism film — a mushroom — it 
has the 3rd process which forms a type resist and forms the electrode lead layer of a right-and-left couple Moreover, 
the manufacture method of the thin film magnetic head of this invention has the 4th process which forms a cap layer 
so that the portion top which the 1 st flat surface of the electrode lead layer of the right-and-left couple formed on the 
bias antiferromagnetism film which has a level difference, and a bias antiferromagnetism film exposed may be covered. 
Moreover, the manufacture method of the thin film magnetic head of this invention On a lower gap insulating layer, 
laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a non-magnetic layer, and the 
free magnetic layer is carried out one by one. A type resist is formed, the 1 st process which forms a 
magnetoresistance-effect element, and a free magnetic layer top — a wrap — like — the 1 st bias antiferromagnetism 
film — forming membranes — further — a it top — a wrap — the cap layer top after forming a cap layer like — a 
mushroom — Shave off a part of cap layer at least, and membrane formation formation of the 2nd bias 
antiferromagnetism film of a right-and-left couple is carried out on it so that the 1st bias antiferromagnetism film may 
be exposed. The upper surface of the 1 st bias antiferromagnetism film which touched the cap layer The 1 st flat 
surface, The upper surface of the 2nd bias antrferromagnetism film is made into the 2nd flat surface, and the thickness 
of the portion of the 1 st flat surface is the thickness of the 1 st bias antiferromagnetism film. The 2nd process which 
forms the bias antiferromagnetism film which whose thickness of the portion of the 2nd flat surface is the sum of the 
thickness of the 1 st bias antiferromagnetism film, and the thickness of the 2nd bias antiferromagnetism film, and has 
the level difference which has a thickness difference among them, On the 2nd bias antiferromagnetism film, it has th 
3rd process which carries out membrane formation formation of the electrode lead layer of a right-and-left couple, 
moreover, the cap layer top after the manufacture method of the thin film magnetic head of this invention deletes th 
resist formed at the 2nd process — a mushroom — a type resist is formed and it has the 3rd process which carries 
out membrane formation formation of the electrode lead layer of a right-and-left couple Moreover, after the 
manufacture method of the thin film magnetic head of this invention deletes the resist formed at the 2nd process, it 
deletes a part of electrode lead layer membrane at least, and has the 3rd process which forms the electrode lead lay r 
of a right-and-left couple so that a 2nd bias antiferromagnetism film and cap layer top may be covered, an electrode 
lead layer membrane may be formed and a part of cap layer [ at least ] may be exposed. 

[0015] By forming the antiferromagnetism film which has a level difference by the thickness difference by this method 
on a free magnetic layer A bias magnetic field strong against a portion (portions other than the 

width-of-recording-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is applied. 
On the other hand, although a bias magnetic field must be applied in order to suppress a Barkhausen noise Applying the 
optimal bias magnetic field for a portion (the direction center section of the width of recording track of the free 
magnetic layer) not applying a not much strong magnetic field, since reproduction sensitivity will fall if a strong 
magnetic field is applied The magnetoresistance-effect type thin film magnetic head which can be easily controlled by 
thickness of the antiferromagnetism film of each portion is producible. That is, although the free magnetic layer which is 
in contact with the big portion of thickness on either side was combined by the joint magnetic field by very strong 
antiferromagnetism combination, the free magnetic layer is [ near the head truck section / on the other hand ] in 
contact with the small antiferromagnetism film of thickness and it is combined by the comparatively small 
antiferromagnetism joint magnetic field The direction of the magnetization will be turned to in the same direction as the 
big antiferromagnetism film of thickness, and the direction of the magnetization of a free magnetic layer which has the 
joint magnetic field by strong antiferromagnetism combination. The direction of the magnetization stabilized very much 
is obtained, and the magnetoresistance-effect type thin film head of high reproducibility ability with high reproduction 
sensitivity with few noises can be produced. Furthermore, on the 1 st antiferromagnetism film with which the upper 
surface was cleaned, since membrane formation formation of the 2nd antiferromagnetism film is carried out, between 
the 1st antiferromagnetism film and the 2nd antiferromagnetism film, very good adhesion and a magnetic combination 
are stabilized, and are obtained, and the magnetoresistance-effect type thin film magnetic head by which the direction 
of magnetization of a free magnetic layer was stabilized very much can be produced. Moreover, by forming a cap layer, 
oxidization on the upper surface of an antiferromagnetism film can be prevented, corrosion resistance can also improve, 
and property degradation by them can produce the magnetoresistance-effect type thin film magnetic head which was 
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excellent in few reproducibility ability. 
[0016] 

[Embodiments of the Invention] The vertical bias layer which invention of this invention according to claim 1 has a 
magnetore si stance- effect element through an insulating material between a lower shield layer and an up shield layer, 
and was prepared in contact with the aforementioned magnetoresistance-effect element, In the 

magnetore si stance-effect type thin film magnetic head which consists of an electrode lead layer for passing the signal 
current The magnetoresistance-effect element which consists of an antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic conductive layer, and a free magnetic layer, It is characterized by having the composition which consists 
of a bias antiferromagnetism film which has the 1st flat surface with the level difference by the thickness difference, 
and the 2nd flat surface, moreover, invention of this invention according to claim 2 joint magnetic field by 
antiferromagnetism combination of the portion of the free magnetic layer which is in contact with the portion of the 
bias antiferromagnetism film which constitutes the 1 st small flat surface of thickness 8 kA/m The following (below 
100Oe ) It is characterized by things, it is — A bias magnetic field strong against a portion (portions other than the 
width-of^recording-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is applied. 
On the other hand, although a bias magnetic field must be applied in order to suppress a Barkhausen noise It becomes 
possible [ controlling by thickness of the antiferromagnetism film of each portion easily ] to apply the optimal bias 
magnetic field for a portion (the direction center section of the width of recording track of the free magnetic layer) not 
to apply a not much strong magnetic field, since reproduction sensitivity will fall if a strong magnetic field is applied, 
that is, to the free magnetic layer which is in contact with the antiferromagnetism film of the portion of the 2nd big flat 
surface of thickness The joint magnetic field by strong antiferromagnetism combination is acquired, and the direction of 
the magnetization becomes what was stabilized very much. The sake, Even if the joint magnetic field by 
antiferromagnetism combination of the portion of the free magnetic layer which is in contact with the 
antiferromagnetism film of the portion of the 1st small flat surface of thickness is small Become easy to be suitable in 
the direction of magnetization of the free magnetic layer which was stabilized and is in contact with the 
antiferromagnetism film of the portion of the 2nd big flat surface of thickness, and the direction of the same 
magnetization. Moreover, since the antiferromagnetism joint magnetic field of the portion of the free magnetic layer 
which is in contact with the antiferromagnetism film of the portion of the 1 st small flat surface of thickness is small. By 
the external magnetic field, i.e., the magnetic field from a magnetic-recording medium, the direction of the 
magnetization becomes easy to change, there can be little generating of a Barkhausen noise, reproduction sensitivity 
can be high, and reproducibility ability can be stabilized, moreover, since there is no influence which is not concerned 
with gap length, but has the same effect, and this bias magnetic field has on a fixed magnetic layer in order to apply a 
bias magnetic field by the joint magnetic field with an antiferromagnetism film and the inclination of magnetization of the 
fixed magnetic layer by it is not produced, either, degradation of the symmetric property of an output wave is 
suppressed Moreover, by choosing the thickness of the antiferromagnetism film of the portion of the first flat surface 
the optimal, the joint magnetic field of an antiferromagnetism film and a free magnetic layer can be stabilized and given 
to the strength of 8 or less kA/m, and it has the operation that improvement in reproducibility ability can be aimed at. 
[0017] Moreover, invention of this invention according to claim 3 carries out laminating membrane formation of an 
antiferromagnetism layer, a fixed magnetic layer, a non-magnetic layer, and the free magnetic layer one by one on a 
lower gap insulating layer. So that the 1 st process which forms a magnetoresistance-effect element, and a 
magnetoresistance-effect element top may be covered The 2nd process which forms a bias antiferromagnetism film 
with the level difference which consists of a portion with the small thickness which deletes a part of bias 
antiferromagnetism layer membrane, and has the 1st flat surface after forming a bias antiferromagnetism layer 
membrane, and a large portion of the thickness which has the 2nd flat surface, So that a bias antiferromagnetism film 
top may be covered and a part of 1st flat surface [ at least ] of a bias antiferromagnetism film may be [ an electrode 
lead layer membrane may be formed and ] exposed A part of electrode lead layer membrane is deleted at least, and it is 
characterized by having the 3rd process which forms the electrode lead layer of a right-and-left couple, moreover, 
invention of this invention according to claim 4 A type resist is formed, the 3rd process of a claim 3 — setting — a 1 st 
[ of a bias antiferromagnetism film ] flat-surface top — a mushroom — It is characterized by having the 3rd process 
which forms the electrode lead layer of a right-and-left couple on a bias antiferromagnetism film, moreover, invention 
of this invention according to claim 5 In the 2nd process of a claim 3, and the 3rd process, so that a free magnetic 
layer top may be covered With the 2nd process which forms a bias antiferromagnetism layer membrane, further, so that 
a it top may be covered So that a part of bias antiferromagnetism layer membrane may be shaved off and it may 
expose, after forming an electrode lead layer membrane A part of electrode lead layer membrane and each bias 
antiferromagnetism layer membrane are deleted. The upper surface of the bias antiferromagnetism layer membrane 
which it was deleted and was exposed The 1st flat surface, It is characterized by having the 3rd process which forms 
the electrode lead layer of a right-and-left couple on the 2nd [ of the bias antiferromagnetism film which has a level 
diff rence by the thickness difference which makes the upper surface of the bias antiferromagnetism layer membrane 
at the time of membrane formation the 2nd flat surface, and a bias antiferromagnetism film ] flat surface, again 
Invention of this invention according to claim 6 carries out laminating membrane formation of an antiferromagnetism 
layer, a fixed magnetic layer, a non-magnetic layer, and the free magnetic layer one by one on a lower gap insulating 
layer. So that the 1st process [ which forms a magnetoresistance-effect element ], and free magnetic layer top which 
constitutes a magnetoresistance-effect element may be covered A type resist is formed, the 1st bias 
antiferromagnetism film — forming membranes — the upper surface of the 1 st bias antiferromagnetism film — a 
mushroom — The upper surface which carried out membrane formation formation of the 2nd bias antiferromagnetism 
film of a right-and-left couple, and has exposed the 1 st bias antiferromagnetism film The 1 st flat surface, The upper 
surface of the 2nd bias antiferromagnetism film is made into the 2nd flat surface, and the thickness of the portion of 
the 1st flat surface is the thickness of the 1st bias antiferromagnetism film. The 2nd process which forms the bias 
antiferromagnetism film which whose thickness of the portion of the 2nd flat surface is the sum of the thickness of the 
1st bias antiferromagnetism film, and the thickness of the 2nd bias antiferromagnetism film, and has the level difference 
which has a thickness difference among them, Jt is characterized by having the 3rd process which carries out 
membrane formation formation of the electrode lead layer of a right-and-left couple on the 2nd bias antiferromagnetism 
film, moreover, invention of this invention according to claim 8 So that the 2nd bias antiferromagnetism film top of the 
portion which the 1st bias antiferromagnetism film exposed, and a right-and-left couple may be covered, after deleting 
the resist formed at the 2nd process in the 3rd process of a claim 6 So that an electrode lead layer membrane may be 
formed and a part of 1st bias antiferromagnetism film [ at least ] may be exposed A part of electrode lead layer 
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membrane is deleted at least, and it is characterized by having the 3rd process which forms the electrode lead layer of 
a right-and-left couple, moreover, Invention of this invention according to claim 9 A type resist is formed, the 1st 
flat-surface top of the 1st [ after deleting the resist formed at the 2nd process in the 3rd process of a claim 6 ] bias 
antiferromagnetism film — a mushroom — It is characterized by having the 3rd process which forms the electrode lead 
layer of a right-and-left couple. A bias magnetic field strong against a portion (portions other than the 
width-of^recording-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is applied. 
On the other hand, although a bias magnetic field must be applied in order to suppress a Barkhausen noise Applying the 
optimal bias magnetic field for a portion (the direction center section of the width of recording track of the free 
magnetic layer) not applying a not much strong magnetic field, since reproduction sensitivity will fall if a strong 
magnetic field is applied The magnetoresistance-effect type thin film magnetic head which can be easily controlled by 
thickness of the antiferromagnetism film of each portion is producible. That is r by forming the antiferromagnetism film 
which has a level difference by the thickness difference on a free magnetic layer Although the free magnetic layer 
which is in contact with the big portion of thickness on either side is combined by the joint magnetic field by very 
strong antiferromagnetism combination, and the free magnetic layer is [ near the head truck section ] in contact with 
the small antiferromagnetism film of thickness on the other hand and it is combined by the comparatively small 
antiferromagnetism joint magnetic field The direction of the magnetization will be turned to in the same direction as the 
big antiferromagnetism film of thickness, and the direction of the magnetization of a free magnetic layer which has th 
joint magnetic field by strong antiferromagnetism combination. The direction of the magnetization stabilized very much 
is obtained, and it has the operation that the magnetoresistance-effect type thin film head of high reproducibility ability 
with high reproduction sensitivity with few noises is producible. 

[0018] Moreover, invention of this invention according to claim 7 is set at the 2nd process of a claim 6. A type resist is 
formed, the free magnetic layer top which constitutes a magnetoresistance-effect element — a wrap — like — the 1st 
bias antiferromagnetism film — forming membranes — the upper surface of the 1 st bias antiferromagnetism film — a 
mushroom — After cleaning the upper surface of the 1st bias antiferromagnetism film, membrane formation formation 
of the 2nd bias antiferromagnetism film of a right-and-left couple is carried out. The 1st flat surface and the upper 
surface of the 2nd bias antiferromagnetism film are made into the 2nd flat surface for the upper surface which has 
exposed the 1 st bias antiferromagnetism film. By being characterized by having the 2nd process which forms a bias 
antiferromagnetism film with the level difference by the thickness difference between the 1 st flat surface and the 2nd 
flat surface, and forming the antiferromagnetism film which has a level difference by the thickness difference on a free 
magnetic layer The direction of the magnetization stabilized very much in the free magnetic layer will be obtained, and 
since membrane formation formation of the 2nd antiferromagnetism film is carried out on the 1 st antiferromagnetism 
film with which the upper surface was cleaned, further between the 1 st antiferromagnetism film and the 2nd 
antiferromagnetism film Very good adhesion and a magnetic combination are stabilized, and are obtained, the direction 
of magnetization of a free magnetic layer becomes what was stabilized very much, and it has the operation that the 
magnetoresistance-effect type thin film head of high reproducibility ability with high reproduction sensitivity with few 
noises is producible. 

[0019] Moreover, invention of this invention according to claim 10 so that the portion top which the 1st flat surface of 
the electrode lead layer of the right-and-left couple formed on the bias antiferromagnetism film which has a level 
difference, and a bias antiferromagnetism film exposed may be covered ft is characterized by having the 4th process 
which forms a cap layer, moreover, invention of this invention according to claim 1 1 On a lower gap insulating layer, 
laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a non-magnetic layer, and the 
free magnetic layer is carried out one by one. A type resist is formed, the 1 st process which forms a 
magnetoresistance-effect element, and a free magnetic layer top — a wrap — like — the 1 st bias antiferromagnetism 
film — forming membranes — further — a it top — a wrap — the cap layer top after forming a cap layer like — a 
mushroom — Shave off a part of cap layer at least, and membrane formation formation of the 2nd bias 
antiferromagnetism film of a right-and-left couple is carried out on it so that the 1st bias antiferromagnetism film may 
be exposed. The upper surface of the 1st bias antiferromagnetism film which touched the cap layer The 1st flat 
surface, The upper surface of the 2nd bias antiferromagnetism film is made into the 2nd flat surface, and the thickness 
of the portion of the 1st flat surface is the thickness of the 1st bias antiferromagnetism film. The 2nd process which 
forms the bias antiferromagnetism film which whose thickness of the portion of the 2nd flat surface is the sum of the 
thickness of the 1 st bias antiferromagnetism film, and the thickness of the 2nd bias antiferromagnetism film, and has 
the level difference which has a thickness difference among them. It is characterized by having the 3rd process which 
carries out membrane formation formation of the electrode lead layer of a right-and-left couple on the 2nd bias 
antiferromagnetism film, moreover, invention of this invention according to claim 1 2 A type resist is formed, the cap 
layer top after deleting the resist formed at the 2nd process in the 3rd process of a claim 11 — a mushroom — It is 
characterized by having the 3rd process which carries out membrane formation formation of the electrode lead layer of 
a right-and-left couple, moreover, invention of this invention according to claim 13 After deleting the resist formed at 
the 2nd process in the 3rd process of a claim 1 1, so that a 2nd bias antiferromagnetism film and cap layer top may be 
covered So that an electrode lead layer membrane may be formed and a part of cap layer [ at least ] may be exposed 
By deleting a part of electrode lead layer membrane at least, being characterized by having the 3rd process which 
forms the electrode lead layer of a right-and-left couple, and forming the antiferromagnetism film which has a level 
difference by the thickness difference on a free magnetic layer By obtaining the direction of the magnetization 
stabilized very much in the free magnetic layer, and forming a cap layer on the portion which has exposed the bias 
antiferromagnetism film further at least Oxidization of the portion which the bias antiferromagnetism film exposed can 
be prevented, corrosion resistance can be raised, and it has the operation that there is little property degradation by 
them and it can produce the magnetoresistance-effect type thin film head of high reproducibility ability with high 
reproduction sensitivity with few noises. 

[0020] Hereafter, the form of operation of this invention is explained using a drawing. 

[0021] (Form 1 of operation) Drawing 1 and drawing 2 are outline explanatory drawings showing the outline of the form 
1 of operation of this invention, and the transverse-plane ****** type view which looked at drawing 1 from the head 
sliding-surface side which counters a magnetic-recording medium, and drawing 2 are some transverse-plane ****** 
type views of the thin film magnetic head seen from the head sliding-surface side which counters a magnetic-recording 
medium. 

[0022] On the lower gap insulating layer (not shown) using the nonmagnetic insulating material of aluminum203 formed 
in drawing 1 on lower shield layer (not shown) made from soft magnetic materials, such as permalloy, Co system 



amorphous magnetic-film, or Fe system particle magnetic film, AIN, or Si02 grade The antiferromagnetism layer 1, NiFe 
system alloy film which are material, such as IrMn, alphaFe2 04, NiO, a FeMn system alloy film, and a PtMn system alloy 
film The magnetoresistance-effect element 5 (MR element or GMR element.) which consisted of a non-magnetic lay r 
3 and the Fixed magnetic layer 2 made from the fixed magnetic layer 2 made from Co, a CoFe alloy film, etc., Cu, etc., 
and a free magnetic layer 4 made from the same ferromagnetic material a following and GMR element — saying — it is 
constituted Furthermore, the bias antiferromagnetism film 8 is formed using the antiferromagnetism material (it is better 
not to use a metal oxide film depending on the case) of different species [ layer / antiferromagnetism / 1 ] having / and 
/ the level difference which has th 1 st flat surface 6 and the 2nd flat surface 7 in the upper surface of the free 
magnetic layer 4 at the topmost part which constitutes the GMR element 5 when thickness differs. Furthermore, the 
electrode lead layer 9 of a right-and-left couple is formed on the bias antiferromagnetism film 8. 

[0023] In addition, it is desirable to form the cap layer 10 by being made from non-magnetic materials, such as Ta, to 
prevent oxidization of the portion which the bias antiferromagnetism film 8 exposed, and to raise corrosion resistanc 
on the portion which has exposed the electrode lead layer 9 of a right-and-left couple and the bias antiferromagnetism 
film 8. 

[0024] As for each heat treatment (annealing processing) to the antiferromagnetism layer 1 or the bias 
antiferromagnetism film 8 which adds the direction of magnetization to each of the fixed magnetic layer 2 or the free 
magnetic layer 4, it is good to carry out, after the cap layer 10 is formed, and before patterning of the cap layer 10, the 
electrode lead layer 9, and the bias antiferromagnetism film 8 is carried out to a predetermined configuration and they 
are shaved off. Moreover, the heat treatment conditions of the bias antiferromagnetism film 8 for adding the direction of 
magnetization to the heat treatment conditions and free magnetic layer of the antiferromagnetism layer 1 for setting 
the direction of magnetization as the fixed magnetic layer 2 must select each material of the antiferromagnetism lay r 
1 and the bias antiferromagnetism film 8 so that at least one conditions of magnetic field strength, heat treatment 
temperature, and heat treatment time may differ. 

[0025] The fixed magnetic layer 2 carries out antiferromagnetism combination strongly with the antiferromagnetism 
layer 1, and the direction of the magnetization is being strongly fixed in the direction (direction right-angled in space) of 
Y by the joint magnetic field. On the other hand, although it is magnetized so that the free magnetic layer 4 may be 
combined by the joint magnetic field by the bias antiferromagnetism film 8 and antiferromagnetism combination which 
have a level difference by the thickness difference on the upper surface and the direction of the magnetization may 
become in the direction of X (the direction of the width of recording track) The portion of the free magnetic layer 4 
which the joint magnetic field strength by the antiferromagnetism combination will differ, and is in contact with the bias 
antiferromagnetism film 8 of the portion of the 1st small flat surface 6 of thickness with the thickness of the bias 
antiferromagnetism film 8, In the portion of the free magnetic layer 4 which is in contact with the bias 
antiferromagnetism film 8 of the portion of the 2nd large flat surface 7 of thickness, a difference arises in the joint 
magnetic field strength. It has the property that it will be saturated if the joint magnetic field also becomes large and 
generally becomes beyond a certain range as thickness becomes large, and the change property changes with material 
of the bias antiferromagnetism film 8. 

[0026] Drawing 3 is drawing which carried out the simulation of the relation of a reproduction output to the joint 
magnetic field strength concerning a free magnetic layer, as compared with the case where the magnetic field strength 
added to the free magnetic layer is very strong, the direction when small is very high and a reproduction output 
understands a bird clapper. Especially, the output is improving rapidly [kA / 8 //m / or less (100 or less Oes) ]. 
[0027] Therefore, it sets into the portion of the free magnetic layer 4 which is in contact with the bias 
antiferromagnetism film 8 of the portion of the 1 st small flat surface 6 of thickness. The heat treatment conditions 
which give the direction of magnetization to the 1st plane thickness and plane free magnetic layer of a portion of a bias 
antiferromagnetism film (in the strength of a magnetic field) When setting up suitably heat treatment temperature and 
heat treatment time and making it the joint magnetic field by the antiferromagnetism combination with a bias 
antiferromagnetism film and the free magnetic layer of the portion of the 1st flat surface become 8 or less (100 or less 
Oes) kA/m, a high reproduction output can be obtained. 

[0028] Moreover, the fixed magnetic layer 2 which constitutes the GMR element 5 may be the laminating fixed 
magnetic layer 24 which has the composition by which laminating membrane formation of the 1 st fixed magnetic layer 
film 21, the non-magnetic layer film 22, and the 2nd fixed magnetic layer film 23 was carried out on the 
antiferromagnetism layer 1, as shown in drawing 2 (a). At this time, the direction of magnetization of the 1st fixed 
magnetic layer film 21 which counters through the non-magnetic layer film 22 by the thickness of the non-magnetic 
layer film 22 which intervenes between the 1st fixed magnetic layer film 21 and the 2nd fixed magnetic layer film 23, 
and the 2nd fixed magnetic layer film 23 becomes in the respectively same direction, or becomes each other in the 
reverse direction. 

[0029] Moreover, as shown in drawing 2 (b), the free magnetic layer 4 which constitutes the GMR element 5 The same 
material as the free magnetic layer 4 is used. The 1st free magnetic layer film 25, the 2nd free magnetic layer film 26, 

The material of the free magnetic layer film which laminating membrane formation is carried out one by one with 

the n-th free magnetic layer film 27, and adjoins each other cannot be overemphasized by that the laminating free 
magnetic layer 28 currently formed by each using a material of a different kind is sufficient. 

[0030] In addition, in the form 1 of this operation, although the so-called GMR element using nonmagnetic electric 
conduction material, such as Cu, as a non-magnetic layer which constitutes a magnetoresistance-effect element has 
been explained, it is needless to say that the composition of an electrode lead layer etc. can be changed also to the 
so-called TMR element using the nonmagnetic insulating material of aluminum203 grade as a non-magnetic layer, and 
this invention can be applied. 

[0031] According to the form 1 of this operation, a bias magnetic field strong against a portion (portions other than the 
width-of-recording-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is applied 
as mentioned above. On the other hand, although a bias magnetic field must be applied in order to suppress a 
Barkhausen noise It becomes possible [ controlling by thickness of the antiferromagnetism film of each portion easily ] 
to apply the optimal bias magnetic field for a portion (width-of-recording-track portion of a free magnetic layer) not to 
apply a not much strong magnetic field, since reproduction sensitivity will fall if a strong magnetic field is applied, that 
is, to the free magnetic layer which is in contact with the antiferromagnetism film of the portion of the 2nd big flat 
surface of thickness The joint magnetic field by strong antiferromagnetism combination is acquired, and the direction of 
the magnetization becomes what was stabilized very much. The sake, Even if the joint magnetic field by 
antiferromagnetism combination of the portion of the free magnetic layer which is in contact with the 
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antiferromagnetism film of the portion of the 1 st small flat surface of thickness is small Become easy to be suitable in 
the direction of magnetization of the free magnetic layer which was stabilized and is in contact with the 
antiferromagnetism film of the portion of the 2nd big flat surface of thickness, and the direction of the same 
magnetization. Moreover, since the antiferromagnetism joint magnetic field of the portion of the free magnetic layer 
which is in contact with the antiferromagnetism film of the portion of the 1 st small flat surface of thickness is small. By 
the external magnetic field, i.e., the magnetic field from a magnetic-recording medium, the direction of the 
magnetization becomes easy to change, there can be little generating of a Barkhausen noise, reproduction sensitivity 
can be high, and reproducibility ability can be stabilized, moreover, since there is no influence which is not concerned 
with gap length, but has the same effect, and this bias magnetic field has on a fixed magnetic layer in order to apply a 
bias magnetic field by the joint magnetic field with a bias antiferromagnetism film and the inclination of magnetization of 
th fixed magnetic layer by rt is not produced, either, degradation of the symmetric property of an output wave is 
suppressed Moreover, by choosing the thickness of the antiferromagnetism film of the portion of the first flat surfac 
the optimal, the joint magnetic field of an antiferromagnetism film and a free magnetic layer can be stabilized and giv n 
to the strength of 8 or less kA/m, and improvement in reproducibility ability can be aimed at. 

[0032] Moreover, between two fixed magnetic layer films which counter through a non-magnetic layer film by stabilizing 
the direction of the magnetization by the joint magnetic field with an antiferromagnetism layer very much, and choosing 
th thickness of a non-magnetic layer film in the suitable range by making it a laminating fixed magnetic layer h can b 
mad to join together strongly in antiferromagnetism, the direction of magnetization is fixed strongly, and the direction 
of each other magnetization becomes in the reverse direction, the leakage magnetic field by end-face magnetic charge 
is suppressed, and the direction of the magnetization in an end face also becomes what was stabilized very much. 
[0033] (Form 2 of operation) Drawing 4 - drawing 1 1 are outline explanatory drawings showing the form 2 of operation 
of this invention, are process outline explanatory drawing for explaining the manufacturing process of the 
magnetoresistance-effect type thin film magnetic head for reproduction, and are the outline cross section which mad 
it the cross section near the head sliding surface which counters a magnetic-recording medium in respect of being 
parallel to a head sliding surface. Hereafter, the manufacture method of the magnetoresistance-effect type thin film 
magnetic head for reproduction is explained in order of each process using a drawing. 

[0034] As shown in drawing 4 , membranes are formed on the substrate 40 made from AlTiC etc., and the nonmagnetic 
insulating material of aluminum203, AIN, or Si02 grade is used on the lower shield layer 41 made from soft magnetic 
materials, such as a permalloy, Co system amorphous magnetic film, or Fe system particle magnetic film, and the lower 
gap insulating layer 42 is formed. 

[0035] As shown in drawing 5 (a), as the 1st process next, on the lower gap insulating layer 42 As the 
antiferromagnetism layer 51 is formed using material, such as IrMn, alpha Fe203, NiO, a FeMn system alloy film, a NiMn 
system alloy film, or a PtMn system alloy film, and it is further shown in drawing 5 (b) Moreover, the fixed magnetic 
layer 52 is formed by being made from a NiFe system alloy film, Co, or a CoFe alloy film. Next, as shown in drawing 5 
(c), the non-magnetic layer 53 made from Cu etc. is formed on the fixed magnetic layer 52. Furthermore, as shown in 
drawing 5 (d), on a non-magnetic layer 53, the free magnetic layer 54 is formed using the same material as the fixed 
magnetic layer 52, and the GMR element 55 by which laminating membrane formation of the antiferromagnetism layer 
51, the fixed magnetic layer 52, a non-magnetic layer 53, and the free magnetic layer 54 was carried out one by one by 
the thin film is formed 

[0036] Antiferromagnetism material of different species [ layer / antiferromagnetism / 51 / which constitutes the GMR 
element 55 on the GMR element 55 as the 2nd process as shown in drawing 6 (a) ] (however, depending on the case) 
alpha Fe2 — the way which does not use metal oxide material, such as 03 and NiO, — being good, as shown in drawing 
6 (b), after using and forming the bias antiferromagnetism layer membrane 61 [ near the portion which forms, the 
abbreviation center section, i.e., the head width of recording track, of the GMR element 55 and the bias 
antiferromagnetism layer membrane 61, ] Apply a photoresist and a part of bias antiferromagnetism layer membrane 61 
is shaved off by methods, such as dry etching. The antiferromagnetism film 64 with the level difference which has the 
2nd large flat surface 63 of the thickness the 1st flat surface 62 to which it is shaved off and thickness is small, and 
right and left are not shaved [ thickness ] is formed. 

[0037] As the 3rd process, as are shown in drawing 7 (a), and the electrode lead layer membrane 71 is formed on the 
bias antiferromagnetism film 64 with a level difference using non-magnetic materials, such as Cu, Cr, or Ta, and it is 
shown in drawing 7 (b) A photoresist is applied, by methods, such as dry etching, a part of electrode lead layer 
membrane 71 is shaved off at least, and the electrode lead layer 72 of a right-and-left couple is formed so that a part 
of 1 st flat surface 62 of the small portion of the thickness of the bias antiferromagnetism film 64 may be exposed. As 
the 4th process, as shown in drawing 8 , on the portion which a part of 1st flat surface 62 of the electrode lead layer 72 
of a right-and-left couple and the bias antiferromagnetism film 64 exposed, material, such as Ta, is used and the cap 
layer 81 is formed 

[0038] Next, although not illustrated, carry out patterning of the cap layer 81, the electrode lead layer 72 of a 
right-and-left couple, and the bias antiferromagnetism film 64 to a predetermined configuration, and they are shaved 
off. Furthermore, on them, an up gap insulating layer is formed using the same insulating material as the lower gap 
insulating layer 42, further, on it, membrane formation formation of the up shield layer is carried out using the same soft 
magnetic materials as the lower shield layer 41, and the magnetoresistance-effect type thin film magnetic head for 
reproduction is produced. 

[0039] As shown in drawing 9 (a), as the 1st above-mentioned process moreover, on the lower gap insulating layer 42 
Th antiferromagnetism layer 51 is formed, on it further A NiFe system alloy film, Laminating membrane formation of 
the 1st non-magnetic layer film 902 and the 1st fixed magnetic layer film 901 using the non-magnetic materials made 
from Co or the CoFe alloy film, such as the 1st fixed magnetic layer film 901 and Ru, and the 2nd fixed magnetic layer 
film 903 using the same material is carried out one by one. The laminating fixed magnetic layer 91 is formed, on it, the 
non-magnetic layer 53 made from Cu etc. and the fr e magnetic layer 54 using the material of the 1 st fixed magnetic 
layer film 901 grade and the same material may be formed one by one, and the GMR element 92 may be formed. 
[0040] As shown in drawing 9 (b), as the 1 st above-mentioned process moreover, on the lower gap insulating layer 42 
The antiferromagnetism layer 51, the fixed magnetic layer 52, and a non-magnetic layer 53 are formed one by one. 
further Laminating membrane formation of the 1 st free magnetic layer film 911, the 2nd free magnetic layer film 91 2, 

the n-th free magnetic layer film 913 (n is two or more positive integers) may be carried out one by one on it, the 

laminating free magnetic layer 93 may be formed, and the GMR element 94 may be formed. 

[0041] moreover, when the equipment which carries out laminating membrane formation and forms the GMR element 55 



at the 1st process differs from the equipment which forms the bias antiferromagnetism layer membrane 61 at the 2nd 
process After cleaning the upper surface of the free magnetic layer 54 by methods, such as a pulley spatter by Ar etc., 
or efficient consumer response, as the 2nd process and removing an oxide film, a foreign matter, or dirt of the free 
magnetic layer 54 on top etc., as shown in drawing 6 It is more desirable to have formed the bias antiferromagnetism 
layer membrane 61 and to form the bias antiferromagnetism film 64 with the level difference which shaves off a part of 
bias antiferromagnetism layer membrane 61, and has a thickness difference by methods, such as dry etching. There is 
no intervention of a foreign matter between the free magnetic layer 54 and the bias antiferromagnetism film 64 by 
cleaning the upper surface of the free magn tic layer 54 at this time, and the joint magnetic field stabilized mor can be 
acquired, without the joint magnetic field strength of the bias antiferromagnetism film 64 and the free magnetic layer 54 
falling, since very good acfoesion and a magn tic combination are stabilized and are obtained. 

[0042] moreover, the 3rd above-mentioned process is shown in drawing 10 — as — the 1 st flat-surface 62 top of the 
bias antiferromagnetism film 64 — a mushroom — the type resist 101 may be formed and membrane formation 
formation of the electrode lead layer 102 of a right-and-left couple may be carried out on the bias antiferromagnetism 
film 64 

[0043] Moreover, in the 2nd process and the 3rd process, as shown in drawing 6 (a) like the 2nd above-mentioned 
process as the 2nd process After forming the bias antiferromagnetism layer membrane 61 so that the free magnetic 
layer 54 top may be covered, as shown in drawing 1 1 (a), as the 3rd process Furthermore, as the electrode lead layer 
membrane M1 is formed and it is shown in drawing 1 1 (b) so that a it top may be covered Apply a photoresist and a 
part of electrode lead layer membrane 111 and bias antiferromagnetism layer membrane 61 are shaved off by methods, 
such as dry etching. You may form the electrode lead layer 1 1 5 of a right-and-left couple on the 2nd flat surface 113 
of the bias antiferromagnetism film 114 with a level difference with which the thickness of a center section has the 1 st 
small flat surface 112, and has the 2nd large flat surface 113 of thickness right and left, and the bias 
antiferromagnetism film 114. In addition, before forming the bias antiferromagnetism layer membrane 61, it cannot be 
overemphasized that the upper surface of the free magnetic layer 54 may be cleaned. 

[0044] According to the gestalt 2 of this operation, a bias magnetic field strong against a portion (portions other than 
the width-of-recording-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is 
applied as mentioned above. On the other hand, although a bias magnetic field must be applied in order to suppress a 
Barkhausen noise Applying the optimal bias magnetic field for a portion (width-of-recording— track portion of a free 
magnetic layer) not applying a not much strong magnetic field, since reproduction sensitivity will fall if a strong 
magnetic field is applied The magnetoresistance-effect type thin film magnetic head which can be easily controlled by 
thickness of the antiferromagnetism film of each portion is producible. That is, the joint magnetic field of a bias 
antiferromagnetism film and a free magnetic layer which carried out antiferromagnetism combination changes with the 
thickness of a bias antiferromagnetism film. Namely, the property that the joint magnetic field will be saturated if a joint 
magnetic field becomes large and becomes the above thickness to some extent so that the thickness of a bias 
antiferromagnetism film is large is used By forming the bias antiferromagnetism Film which has a level difference by the 
thickness difference on a free magnetic layer Although the free magnetic layer which is in contact with the big portion 
of thickness on either side is combined by the very strong joint magnetic field, and the free magnetic layer is [ near the 
head truck section ] in contact with the small bias antiferromagnetism film of thickness on the other hand and it is 
combined by the comparatively small joint magnetic field The direction of the magnetization will be turned to in the 
same direction as the big bias antiferromagnetism film of thickness, and the direction of the magnetization of a free 
magnetic layer which has the strong joint magnetic field. The direction of the magnetization stabilized very much will be 
obtained, and the magnetoresistance-effect type thin film head of high reproducibility ability with high reproduction 
sensitivity with few noises can be produced, moreover, since there is no influence which is not concerned with gap 
length, but has the same effect, and this bias magnetic field has on a fixed magnetic layer in order to apply a bias 
magnetic field by the joint magnetic field with a bias antiferromagnetism film and the inclination of magnetization of the 
fixed magnetic layer by it is not produced, either, the magnetoresistance-effect type thin film head by which 
degradation of the symmetric property of an output wave was suppressed is producible 

[0045] In addition, by forming a cap layer, oxidization of the portion which the bias antiferromagnetism film exposed can 
be prevented, and corrosion resistance can be raised. 

[0046] Moreover, as for each heat treatment (annealing processing) to the antiferromagnetism layer or bias 
antiferromagnetism film which adds the direction of magnetization to each of a fixed magnetic layer or a free magn tic 
layer, it is good to carry out, after a cap layer is formed, and before patterning of a cap layer, an electrode lead layer, 
and the bias antiferromagnetism film is carried out to a predetermined configuration and they are shaved off. Moreover, 
the heat treatment conditions of the bias antiferromagnetism film for adding the direction of magnetization to the heat 
treatment conditions and free magnetic layer of an antiferromagnetism layer for setting the direction of magnetization 
as a fixed magnetic layer must select each material of an antiferromagnetism layer and a bias antiferromagnetism film 
so that at least one conditions of magnetic field strength, heat treatment temperature, and heat treatment time may 
differ. 

[0047] In addition, by forming a laminating fixed magnetic layer, the leakage magnetic field by the end-face magnetic 
charge of the fixed magnetic layer by which the direction of magnetization was strongly fixed in the predetermined 
direction will be negated by the fixed magnetic layer film formed through the non-magnetic layer film, and an effect is 
to stop a noise. 

[0048] (Form 3 of operation) Drawing 12 - drawing 16 are outline explanatory drawings showing the form 3 of operation 
of this invention, are process outline explanatory drawing for explaining the manufacturing process of the 
magnetoresistance-effect type thin film magnetic head for reproduction, and are the outline cross section which made 
it the cross section near the head sliding surface which counters a magnetic-recording medium in respect of being 
parallel to a head sliding surface. Hereafter, the manufacture method of the magnetoresistance-effect type thin film 
magnetic head for reproduction is explained in order of each process using a drawing. 

[0049] Like the gestaft 2 of the above-mentioned operation, as the 1 st process, as shown in drawing 5 (a) As material, 
such as IrMn, alphaFe203, NiO, a FeMn system alloy film, a NiMn system alloy film, or a PtMn system alloy film, is used, 
the antiferromagnetism layer 51 is formed on the lower gap insulating layer 42 and it is further shown in drawing 5 (b) 
Moreover, the fixed magnetic layer 52 is formed by being made from a NiFe system alloy film, Co, or a CoFe alloy film. 
Next, as shown in drawing 5 (c), the non-magnetic layer 53 made from Cu etc. is formed on the fixed magnetic layer 52. 
Furthermore, as shown in drawing 5 (d), on a non-magnetic layer 53, the free magnetic layer 54 is formed using the 
same material as the fixed magnetic layer 52, and the GMR element 55 by which laminating membrane formation of the 
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antiferromagnetism layer 51, the fixed magnetic layer 52, a non-magnetic layer 53, and the free magnetic layer 54 was 
carried out one by one by the thin film is formed. 

[0050] The 1st bias antiferromagnetism film 121 is formed using the antiferromagnetism material (however, it is better 
not to use metal oxide material, such as alphaFe203 and NiO, depending on the case) of different species [ layer / 
antiferromagnetism / 51 / which constitutes the GMR element 55 on the GMR element 55 as shown in drawing 12 (a) 
as the 2nd process ]. The type resist 122 is formed, next, it is shown in drawing 12 (b) — as — a mushroom — On the 
1st bias antiferromagnetism film 121, membrane formation formation of the 2nd bias antiferromagnetism film 123 of a 
right-and-left couple is carried out using the same antiferromagnetism material as the 1 st bias antiferromagnetism film 
121. It has the 1st flat surface 124 which is the upper surface of the 1st bias antiferromagnetism film 121, and the 2nd 
flat surface 125 which is the upp r surface of the 2nd bias antiferromagnetism film 123 formed on the 1st bias 
antiferromagnetism film ^21. In the 1st fiat-surface section, the thickness is the thickness of the 1st bias 
antiferromagnetism film 121 itself. In the 2nd flat-surface section, rt is the sum of each thickness of the 1st bias 
antiferromagnetism film 121 and the 2nd bias antrferromagnetism film 123, and the bias antiferromagnetism film 126 
which has a level difference by the thickness difference can be formed. Here, the material of the 1 st bias 
antiferromagnetism film 121 and the 2nd bias antiferromagnetism film 123 must be chosen so that it may differ in the 
heat treatment conditions of the antrferromagnetism layer 51 for the heat treatment conditions (the magnetic field 
strength, heat treatment temperature, and heat treatment time to add) for adding the direction of magnetization to th 
fre magnetic layer 54 adding the direction of magnetization to the fixed magnetic layer 52, and at least one condition. 
Moreover, the material of the 1st bias antiferromagnetism film 121 and the 2nd bias antiferromagnetism film 123 may be 
an antiferromagnetism material of a different kind, as long as a joint magnetic field with a free magnetic layer becomes 
large by forming the 2nd antiferromagnetism film 123, and it is necessary at this time to heat-treat on the conditions 
suitable for the 1st bias antrferromagnetism film 121 and the 2nd bias antiferromagnetism film 123. 

[0051] as the 3rd process, it is shown in drawing 13 — as — a mushroom — using the type resist 122, on the 2nd bias 
antiferromagnetism film 123 of a right-and-left couple, non-magnetic materials, such as Cu, Cr, or Ta, are used, and 
membrane formation formation of the electrode lead layer 131 of a right-and-left couple is carried out 
[0052] As the 4th process, as shown in drawing 14 , on the portion which the electrode lead layer 131 of a 
right-and-left couple and the 1st bias antiferromagnetism film 121 exposed, material, such as Ta, is used and the cap 
layer 141 is formed. 

[0053] Next, although not illustrated, carry out patterning of the cap layer 141, the electrode lead layer 131 of a 
right-and-left couple, and the bias antrferromagnetism film 126 to a predetermined configuration, and they are shaved 
off. Furthermore, on them, an up gap insulating layer is formed using the same insulating material as the lower gap 
insulating layer 42, further, on it, membrane formation formation of the up shield layer is carried out using the same soft 
magnetic materials as the lower shield layer 41, and the magnetoresistance-effect type thin film magnetic head for 
reproduction is produced. 

[0054] In addition, it cannot be overemphasized that a laminating fixed magnetic layer or a laminating free magnetic 
layer can be formed, and a GMR element can be formed like other examples of the 1 st process of the form 2 of the 
above-mentioned operation. 

[0055] The type resist 122 is formed, moreover, it is shown in drawing 12 (b) as other examples of the 2nd process — 
as — a mushroom — The upper surface of the 1st bias antiferromagnetism film 121 is cleaned by methods, such as a 
pulley spatter by Ar etc., or efficient consumer response. The oxide film of the front face of the 1 st bias 
antiferromagnetism film 121, the remnants of a resist, After removing a foreign matter or dirt, the 2nd bias 
antiferromagnetism film 123 of a right-and-left couple by carrying out membrane formation formation on the 1 st bias 
antiferromagnetism film 121 using the same antiferromagnetism material as the 1st bias antiferromagnetism film 121 
Since there is no mediation of a foreign matter between the 1st bias antiferromagnetism film 121 and the 2nd bias 
antiferromagnetism film 123, and very good adhesion and a magnetic combination are stabilized and are obtained. The 
joint magnetic field stabilized more can be acquired without the joint magnetic field strength of a bias 
antrferromagnetism film and a free magnetic layer falling. . 

[0056] moreover, like other examples of the 2nd process of the gestalt 2 of the above-mentioned operation as other 
examples of the 2nd process When the equipment which forms the 1st bias antiferromagnetism layer membrane 61 in 
the 2nd process differs from the equipment which forms the GMR element 55 in the 1st process The upper surface of 
the fr e magnetic layer 54 is cleaned by methods, such as a pulley spatter by Ar etc., or efficient consumer response. 
It is made to be the same as that of the 2nd process shown in drawing 12 , after removing the oxide film of the front 
face of the free magnetic layer 54, the remnants of a resist, a foreign matter, or dirt the cleaned free magnetic layer 54 
top — a wrap — like — the 1st bias antiferromagnetism film 121 — forming membranes — a it top — a mushroom — 
it is better to have formed the type resist 1 22 and to carry out membrane formation formation of the 2nd bias 
antiferromagnetism film 1 23 of a right-and-left couple The joint magnetic field stabilized more can be acquired like the 
ge start 2 of the above-mentioned operation, without the joint magnetic field strength of a bias antiferromagnetism film 
and a free magnetic layer falling. 

[0057] moreover, the mushroom formed at the 2nd process as other examples of the 3rd process, as shown in drawing 
1 5 (a), after deleting a type resist So that the portion top which the 2nd bias antiferromagnetism film 123 of a 
right-and-left couple and the 1st bias antiferromagnetism film 121 exposed may be covered As the electrode lead layer 
membrane 151 is formed and it is shown in drawing 15 (b), so that a part of 1st flat surface 124 of the 1st bias 
antiferromagnetism film 121 may be exposed A photoresist is applied, by methods, such as dry etching, a part of 
electrode lead layer membrane 151 may be deleted at least, and the electrode lead layer 152 of a right-and-left couple 
may be formed. 

[0058] moreover, the mushroom formed at the 2nd process as other examples of the 3rd process — after deleting a 
type resist, it is shown in drawing 16 — as — another mushroom on the 1st bias antiferromagnetism film 121 — the 
type resist 161 may be formed and membrane formation formation of the electrode lead layer 162 of a right-and-left 
couple may be carried out 

[0059] According to the form 3 of this operation, as mentioned above like the form 2 of the above-mentioned operation 
The free magnetic layer which is in contact with the big bias antiferromagnetism film of thickness carries out 
antiferromagnetism combination with a bias antiferromagnetism film by the very strong joint magnetic field. The 
direction of magnetization of the free magnetic layer which is in contact with the small bias antiferromagnetism film of 
thickness Will stabilize and be suitable towards the same magnetization as the free magnetic layer which is in contact 
with the big bias antiferromagnetism film of thickness. On the 1st antiferromagnetism film with which the direction of 
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the magnetization stabilized very much was obtained, and the upper surface was cleaned, by carrying out membrane 
formation formation of the 2nd antiferromagnetism film between the 1 st antiferromagnetism film and the 2nd 
antiferromagnetism film Very good adhesion and a magnetic combination are stabilized, and are obtained, and the 
direction of the magnetization of a free magnetic layer which has the joint magnetic field by the big antiferromagnetism 
film of thickness and strong antiferromagnetism combination becomes what was stabilized very much. The 
magnetoresistance-effect type thin film head of high reproducibility ability with high reproduction sensitivity with few 
noises is producible, moreover, since there is no influence which is not concerned with gap length, but has the same 
effect, and this bias magnetic field has on a fixed magnetic layer in order to apply a bias magnetic field by the joint 
magnetic field with a bias antiferromagnetism film and the inclination of magnetization of the fixed magnetic layer by it 
is not produced, ith r, the magnetoresistance-eff ct type thin film head by which d gradation of the symmetric 
property of an output wave was suppressed is producible 

[0060] In addition, in the gestalt 3 of the ge start 2 of the above-mentioned operation - operation, after a cap layer is 
formed, and before patterning of a cap layer, an electrode lead layer, a bias antiferromagnetism film, and the GMR 
element is carried out to a predetermined configuration and they are shaved off as the 4th process, as for heat 
treatment which adds the direction of magnetization to a fixed magnetic layer and a free magnetic layer in the 
predetermined direction, respectively, it is desirable to carry out It cannot be overemphasized by the heat treatment 
conditions (magnetic field strength, processing temperature, and processing time) to the antiferromagnetism layer which 
adds the direction of magnetization to a fixed magnetic layer here, and the heat treatment conditions to the bias 
antiferromagnetism film which adds the direction of magnetization to a free magnetic layer that the material of the bias 
antiferromagnetism film which touches the antiferromagnetism layer and free magnetic layer which touch a fixed 
magnetic layer, respectively must be chosen so that at least one condition items may differ. 

[0061] (Gestalt 4 of operation) Drawing 1 7 - drawing 20 are outline explanatory drawings showing the gestalt 4 of 
operation of this invention, are process outline explanatory drawing for explaining the manufacturing process of the 
magnetoresistance-effect type thin film magnetic head for reproduction, and are the outline cross section which made 
it the cross section near the head sliding surface which counters a magnetic-recording medium In respect of being 
parallel to a head sliding surface. Hereafter, the manufacture method of the magnetoresistance-effect type thin film 
magnetic head for reproduction is explained in order of each process using a drawing. 

[0062] Like the 1 st process of the gestalt 2 of the above-mentioned operation, as shown in drawing 5 , the 
antiferromagnetism layer 51, the fixed magnetic layer 52, a non-magnetic layer 53, and the free magnetic layer 54 form 
the GMR element 55 by which laminating membrane formation was earned out one by one. 

[0063] As the 2nd process, as shown in drawing 17 (a), the 1st bias antiferromagnetism film 171 is formed and the cap 
layer 1 72 is further formed on it so that the free magnetic layer 54 top at the topmost part of the GMR element 55 may 
be covered, next, it is shown in drawing 1 7 (b) — as — the cap layer 1 72 top — a mushroom — the type resist 1 73 is 
formed, as the cap layer 1 72 is shaved off and it is shown in drawing 17 (c), on it, membrane formation formation of the 
2nd bias antiferromagnetism film 174 of a right-and-left couple is carried out, and the antiferromagnetism film 175 
which has the level difference from which thickness differs is formed, so that the front face of the 1 st bias 
antiferromagnetism film 171 may be exposed to right and left 

[0064] as the 3rd process, it is shown in drawing 18 — as — a mushroom — using the type resist 1 73, on the 2nd bias 
antiferromagnetism film 1 74 of a right-and-feft couple, non-magnetic materials, such as Cu, Cr, or Ta, are used, and 
membrane formation formation of the electrode lead layer 181 of a right-and-left couple is carried out 
[0065] The process after it is the same as the form 2 of the above-mentioned operation. 
[0066] In addition, it cannot be overemphasized like other examples of the 1 st process of the form 2 of the 
above-mentioned operation that a laminating fixed magnetic layer or a laminating free magnetic layer may be formed. 
[0067] moreover, like other examples of the 2nd process of the form 3 of the above-mentioned operation as other 
examples of the 2nd process it is shown in drawing 1 7 (b) — as — the cap layer 1 72 top — a mushroom — so that the 
type resist 173 may be formed and the front face of the 1st bias antiferromagnetism film 171 may be exposed to right 
and left In shaving off the cap layer 172 and carrying out membrane formation formation of the 2nd bias anti-******** 
using another equipment The upper surface of the 1st exposed bias antiferromagnetism film 171 is cleaned by methods, 
such as a pulley spatter by Ar etc., or efficient consumer response. After removing the oxide film of the front face of 
the 1st bias antiferromagnetism film 171, the remnants of a resist, a foreign matter, or dirt, membrane formation 
formation of the 2nd bias antiferromagnetism film 1 74 of a right-and-left couple is carried out on the 1 st bias 
antiferromagnetism film 171. It is more desirable to form the antiferromagnetism film 175 which has the level difference 
from which thickness differs. On the 1st antiferromagnetism film with which the upper surface was cleaned, very good 
adhesion and a magnetic combination are stabilized, and are obtained between the 1 st antiferromagnetism film and the 
2nd antiferromagnetism film by carrying out membrane formation formation of the 2nd antiferromagnetism film, and the 
direction of the magnetization of a free magnetic layer which has the joint magnetic field by the big antiferromagnetism 
film of thickness and strong antiferromagnetism combination becomes what was stabilized very much. 
[0068] Moreover, when the equipment which forms the 1st bias antiferromagnetism layer membrane 171 in the 2nd 
process differs from the equipment which forms the GMR element 55 in the 1st process Like other examples of the 2nd 
process of the form 3 of the above-mentioned operation as other examples of the 2nd process The upper surface of 
the free magnetic layer 54 is cleaned by methods, such as a pulley spatter by Ar etc., or efficient consumer respons . 
It is made to be the same as that of the 2nd process shown in drawing 17 , after removing the oxide film of the front 
face of the free magnetic layer 54, the remnants of a resist, a foreign matter, or dirt the cleaned free magnetic layer 54 
top — a wrap — like — the 1st bias antiferromagnetism film 171 — forming membranes — further — a it top — the 
cap layer 172 — forming membranes — a it top — a mushroom — it is better to have formed the type resist 173 and 
to carry out membrane formation formation of the 2nd bias antiferromagnetism film 1 74 of a right-and-left couple 
There is no intervention of a foreign matter between the free magnetic layer 54 and the 1 st bias antiferromagnetism 
film 171 by cleaning the upper surface of the free magnetic layer 54 at this time, and the joint magnetic field stabilized 
more can be acquired, without the joint magnetic field strength of a bias antiferromagnetism film and a free magnetic 
layer falling, since very good adhesion and a magn tic combination are stabilized and are obtained. 
[0069] moreover, the mushroom formed at the 2nd process as other examples of the 3rd process, as shown in drawing 
19 , after deleting a type resist So that the exposed 2nd bias antiferromagnetism film 1 74 and cap layer 1 72 top may be 
covered A photoresist may be applied, the electrode lead layer membrane 191 may be shaved off by methods, such as 
dry etching, and the electrode lead layer 192 of a right-and-left couple may be formed so that the electrode lead layer 
membrane 191 may be formed and a part of cap layer 172 may be exposed after that. Moreover, after shaving off an 
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electrode lead layer, it is also possible to choose the material of the cap layer 1 72 so that the bias antiferromagnetism 
film 171 may not be shaved. 

[0070] moreover, the mushroom formed at the 2nd process as other examples of the 3rd process — after deleting a 
type resist it is shown in drawing 20 — as — another mushroom on the cap layer 1 72 — the type resist 201 may be 
formed and the electrode lead layer 202 of a right-and-left couple may be formed 

[0071] In addition, as for each heat treatment to the antiferromagnetism layer and bias antiferromagnetism film for 
adding the direction of magnetization in a predetermined direction to a fixed magnetic layer and a fre magnetic layer, 
respectively, it is desirable to carry out, after a cap layer is formed, and before patterning of a bias antiferromagnetism 
film and the GMR element is carried out to a predetermined configuration and they are shaved off It cannot be 
overemphasized by the heat treatm nt conditions (a magnetic field, processing temperature, and processing time) to 
the antiferromagnetism layer for adding the direction of magnetization to a fixed magnetic layer here, and the heat 
treatment conditions to the bias antiferromagnetism film for adding the direction of magnetization to a free magnetic 
layer that the material of the bias antiferromagnetism film which touches the antiferromagnetism layer and free 
magnetic layer which touch a fixed magnetic layer, respectively must be chosen so that at least one condition items 
may differ. 

[0072] According to the form 4 of this operation, as mentioned above by very strong antiferromagnetism combination of 
the free magnetic layer which is in contact with the big bias antiferromagnetism film of thickness like the form 2 of the 
above-mentioned above-mentioned operation, and the form 3 of operation The direction of magnetization of the free 
magnetic layer which is in contact with the small bias antiferromagnetism film of thickness It becomes a bird clapper 
that it is easy to be suitable towards the same magnetization as the free magnetic layer which is in contact with the big 
bias antiferromagnetism film of thickness. On the 1st antiferromagnetism film with which the direction of the 
magnetization stabilized very much was obtained, and the upper surface was cleaned, by carrying out membrane 
formation formation of the 2nd antiferromagnetism film between the 1 st antiferromagnetism Film and the 2nd 
antiferromagnetism film Very good adhesion and a magnetic combination are stabilized, and are obtained, and the 
direction of the magnetization of a free magnetic layer which has the joint magnetic field by the big antiferromagnetism 
film of thickness and strong antiferromagnetism combination becomes what was stabilized very much. Moreover, since 
time for a bias antiferromagnetism film to be exposed by preparing a cap layer on the 1 st antiferromagnetism film by 
this manufacture method is sharply reducible, Property degradation of a bias antiferromagnetism film can be suppressed 
and the magnetoresistance-effect type thin film head of the outstanding reproducibility ability with high reproduction 
sensitivity with few Barkhausen noises can be produced. 
[0073] 

[Effect of the Invention] The joint magnetic field of the soft-magnetism film with which this invention is in contact with 
the antiferromagnetism film as mentioned above The property of carrying out abbreviation saturation if it will become 
large if the thickness of an antiferromagnetism film is large, and it becomes beyond a certain range is used. By 
preparing the bias antiferromagnetism film which has a level difference so that thickness may be small and thickness 
may become [ except near the head truck ] large on the free magnetic layer of a GMR element near the portion which 
constitutes a head truck The portion of the free magnetic layer which is in contact with the bias antiferromagnetism 
film of the big portion of thickness Carry out antiferromagnetism combination with a bias antiferromagnetism film, and it 
is combined by the very strong joint magnetic field. The free magnetic layer of the portion which the direction of the 
magnetization became what was stabilized very much, therefore is in contact with the bias antiferromagnetism film of 
the small portion of thickness also by the small joint magnetic field The direction of the magnetization which was easy 
to turn to in the same direction as the magnetization direction of the portion of the free magnetic layer which was 
stabilized and is in contact with the large bias antiferromagnetism film of thickness, and was stabilized is obtained. 
Moreover, since the antiferromagnetism joint magnetic field of the portion of the free magnetic layer which is in contact 
with the antiferromagnetism film of the small portion of thickness is small. The direction of magnetization becomes easy 
to change with the magnetic fields from a magnetic-recording medium, and the effect that reproducibility ability, like a 
Barkhausen noise is small and reproduction sensitivity is high can be improved is not concerned with reproduction gap 
length, but it is Moreover, it has the effect that the magnetoresistance-effect type thin film magnetic head 

which has such outstanding reproducibility ability is producible. 



[Translation done.] 
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damages caused by the use of this translation. 
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[Brief Description of the Drawings] 

[Drawing 1] The transverse-plane ****** type view of the thin film magnetic head showing the gestalt 1 of operation of 
this invention 

[Drawing 2] Some transverse-plane ****** type views of the thin film magnetic head showing other examples of the 
gestalt 1 of operation of this invention 

[Drawing 3] The graph which shows the relation between the layer joint magnetic field strength added to the free 
magnetic layer for explaining the gestalt 1 of operation of this invention, and a reproduction output 
[Drawing 41 Outline explanatory drawing showing some processes of the manufacturing process explaining the gestalt 2 
of operation of this invention of the thin film magnetic head 



Drawing 5 



Outline explanatory drawing showing the 1 st process in the gestalt 2 of operation of this invention 
Outline explanatory drawing showing the 2nd process in the gestalt 2 of operation of this invention 
Outline explanatory drawing showing the 3rd process in the gestalt 2 of operation of this invention 
'Drawing 8] Outline explanatory drawing showing the 4th process in the gestalt 2 of operation of this invention 
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Drawing 7 



Drawing 9] Outline explanatory drawing showing other examples of the 1 st process in the gestalt 2 of operation of this 
invention 

[Drawing 10] Outline explanatory drawing showing other examples of the 3rd process in the gestalt 2 of operation of 
this invention 

[Drawing 11] Outline explanatory drawing showing other examples of the 3rd process in the gestalt 2 of operation of 
this invention 
[Drawing 12 



[Drawing 13' 



[Drawing 14 



[Drawing 15 



Outline explanatory drawing showing the 2nd process in the gestalt 3 of operation of this invention 
Outline explanatory drawing showing the 3rd process in the gestalt 3 of operation of this invention 
Outline explanatory drawing showing the 4th process in the gestalt 3 of operation of this invention 
Outline explanatory drawing showing other examples of the 3rd process in the gestalt 3 of operation of 
this invention 

[Drawing 16] Outline explanatory drawing showing other examples of the 3rd process in the gestalt 3 of operation of 
this invention 
[Drawing M 



[Drawing 18 



[Drawing 19 



Outline explanatory drawing showing the 2nd process in the gestalt 4 of operation of this invention 
Outline explanatory drawing showing the 3rd process in the gestalt 4 of operation of this invention 
Outline explanatory drawing showing other examples of the 3rd process in the gestalt 4 of operation of 
this invention 

[Drawing 20] Outline explanatory drawing showing other examples of the 3rd process in the gestalt 4 of operation of 
this invention 

Drawing 21] The tropia schematic diagram showing the conventional thin film magnetic head 



Drawing 22] The transverse-plane ****** type view showing the conventional thin film magnetic head 



Description of Notations] 

1 51,224 Antiferromagnetism layer 

2 52,225 Fixed magnetic layer 

3 53,226 Non-magnetic layer 

4 54,227 Free magnetic layer 

5, 55, 92, 94,213 Magnetoresistance-effect element (GMR element) 

6 62,1 12,124 The 1st flat surface 

7 63,1 13,125 The 2nd flat surface 

8 64,114,126,175 Bias antiferromagnetism film 

9, 72, 102, 115, 131, 152, 162, 181, 192, 202, 215 Electrode lead layer 
10 81,141,172,228 Cap layer 
40 Substrate 

41.21 1 Lower shield layer 

42.212 Lower gap insulating layer 

61 Bias Antiferromagnetism Layer Membrane 

71,111,151,191 Electrode lead layer membrane 

91 Laminating Fixed Magnetic Layer 

93 Laminating Free Magnetic Layer 

101, 122, 161, 163, and 201 a mushroom — type resist 

121 171 1st bias antiferromagnetism film 

123 174 2nd bias antiferromagnetism film 

214 Vertical Bias Layer 

216 Up Gap Insulating Layer 

217 Up Shield Layer 

218 Magnetoresistance-Effect Type Thin Film Magnetic Head for Reproduction 

220 Induction-Type Thin Film Magnetic Head for Record 

221 Record Gap Layer 

222 Up Magnetic Pole 

223 Coil Coil 



229 Reproduction Head Gap Length 

901 1st Fixed Magnetic Layer Film 

902 1 st Non-magnetic Layer Film 

903 2nd Fixed Magnetic Layer Film 

911 1st Free Magnetic Layer Film 

912 2nd Free Magnetic Layer Film 

913 N-th Fre Magnetic Layer Film 



[Translation done.] 
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MBW'hSOSgBliRKBLTfcy. it&M*£fc£ 

li, RB©*£fcRa»ttR£8l>RS«t«Sl&K«fc& 
*S£B# * *r L T t>« 7 y -Bt*B©flBHb©7J|S| i: ^ c 
Hfoizfo < c t icfc y . #$icS£ L.fc«*b©7ifaA<f# 

i-, ji®A^y-->^*tifcmi©s5aai4s©± 
^a«ptm2©sa«ttJS<Dra-c. *«rca#fcBB 

©B<b©*|6|A<#;&l-££ LfcBSR«Sli&B19B§iBm 
BE-r*Ctlz«fcy. RSS»ttB±ffi©B*bA<lfcit;i**u 

Z£A<-C£.&. 
[OOI 6) 

tf)©B«y- KBA**<s:£««»Bv&B3?»R«3l'^ 
KI=J5l»T* &3Bt&St BSBttUB, *«143>^S» 

tf7y-B&BA^fc£»a«iS3*3ifi§^£. kbhic 

*Ra«ttB*A^fc&«fiS£%ir*c£$!Bt&t Ufc 

*,©-*?& y. **eB©tt*JS2icgem©fEiii§i*, 
if©* ? t^mi s / w txk^mi 

©B#icjg lt i»* 7 y -ai±B(o^«-cDs^»i4ia^ 

l-«fc-S£#B#SW BkA/m 6TF (lOOOe 

< Wb*ipj^@SLfci^»(7y-«ai±B© h^f ? 

/ M^-tf » -f X£ tblz/ W 7*B#? I* A* 

«Tt-4fc«)ifc* yamss^ttfe < ki>st# y 

^£AMt*Ci:A<. ?ft?:h^ttttOK3SBttBa>KB 



^y-BttBlcl*. &^&3$Bte£#lz£4fS£8iJ5W 

y. *o>tztt>. mm<r»mi*mi ©¥ffi©sp#©RS» 
&mizm lt^s 7 y-BteB©Sf#©KSBi£££ic 

©¥M©gBtt©J£3affi£Ri::8 urt>*7 y— Btts© 
fflHbcD^i»ii:Hi:a«b(D^rSii=(Si#g</«fy. r 
s©*$i*sg 1 <Dww<DUft<hm3mfemz& ltus 
7 y -«1±B©$B#©R3£B14IS£«l?tt'h;* ufctf>. 

<b<D^fp)A<s<b l ^ < * y . / <;n7/\»>-tr w -< x©ie 

£fcA<'>fc<. S<feBgA<iS<. S4tt«^*^b$-e--5 
C£A<T?£.S. £fc. 53SB&R£©f£#B#*lc«l:oT 

1*|5}«&©5a3l£#U A^o, C©/W7*B#?A<@£B 
£BI^*.-&SMSttfc<. *tilc«|:*®^attB©Wb 

©«£*,£ cfcivfc*>. ma*»©#*M4©£<bA<iii)jL 
f,*t*„ f&-©¥ffi©sp#©R3*Bi*R©RB£ 

SBIcjg^CiCfcoT. R3£»£R t V >) -fflEttB t 

[OO 1 71 Sfc. *^^<D»*«3|cIBKcOS6IBtt. 
Tgp^^-y^lfeliBroii^ JS?S»1±B, ®£581±B. 

mutzm-gus-z? y -»ttB^«i*iaB«K lt. 

*aa>£jft^£*£j£-r-&!g 1 ©lit, «*«taSi**^ 

ft. /WTXS5*ttt14BM©-a^S>»tStL. 
*%-T-5MJl©/h * l^ep#£ Jg 2 ©¥® ^ *T f «MB© 
^#L>gp«-i: A^ c, «4Si©fc*/H7XR»I1ig$ 

Mm?zm2o>x.mt. /wrxsei»ttR©±5a-5 

•fcdlc. ««y — KBH*tiUSU /<-fTXH^»14R 
©m 1 ©JFffi©'>* < i t-UtmUrt- ■&«>: 5 
<i:*m«y-KBIg©-ffl5£ai8&LT. £«f-MO* 

« y - kb^^^-t *m 3 ©is t set £ 
tifct©-efey. *fc. **w©»*^4iziBit(Di! 

IBI*. sg^3©m3©Xg|-fct^T. 
ttR©mi©¥ffi±lc»gUi>XI>^BELr. /W7 
*R5*«ttM©±l~£:&-*t©Wiy- KB^^m-T^ 

Ssroxg^-r-sct^^iatLfctro-eifey. * 
fc. *mm<Dm>¥Lm 5 tzB&momwit. n^3©$2 

©Xg»i;^3©X§ICteL>T. ^y-«ttB©±*a 
3J:5IC. /W7XR&»ttB!g£j£lgt-f*Sg2©I|I 
<!:. Ml^ ^©±^B5J;5lc. *Sy-KBM$fiEM - 
Lfcft. /WTXS^fflH4BR©-SeA<&jyiStt>^TM 
W<-*J:5I=. may-KBR»I^/<-<T^H^»14B 
AI©5fe*©-8P£PMRSL.T. Sfl^^tlTgmLfc/WT' 
^.S3iffittBIS©-hffi^m 1 ©^P®, fSLWmO'U TX 

sa«i4BR©±®^m 2 ©^st-r zmmmz* 
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nmo)±iz % BL&mttJB. status, tm&mx.vz> 

x h £ fem it, fc&-*t<Dm 2 w rxs^ttftg 

*±ffl^ii©¥l, lg2(D/*>r7'xR8Kfflgi<DJL® 
£m2©¥is£u so. m 1 <Dvm<Df»#o>mmtn 
i<D/W7XES**14l»roMff-efcy. m2©^p®(DSp 

#<D«J?I*HS Iffl/WTX R3t»14Bi<D HI? t«20)M 

m& £<rr *is£ *< & * / \v r xsaiattiBi £ * 
-**©m« y - kb ^ am 3 ©is t £ *rr 

8 ICie«<DfEWI*> IS*3S6(Om3CDXSlCfcl^r. % 
2<DXSICT^UfcUvX h£fiiJP»Lfc«. ^ 1 <DA 
-f 7XR&ttfflg<D»m LfcSP»&t;S*i-^<DB 2 <T> 

bijkel-c. £^-»omfiy-KH£^-r-5m3<Dx 

§£W-f-5Ct£#»£LfctCD-efcy, *f£BJ 
<Oi»^«9^SE«©*l«1*. IS**6(Dm3<DXSIC*J 
ivC. m2(DXSl-T^fiELfcUvX h£8iJR*L/=SL 

XX h£«*LT. £*3-*t<D»Sy — KB£*M£^--& 
m3©XS$*f /5Ci:£1#ai: Lfct©T?fcy. 

icai<jnb*isi£@SLfcuep»(7 y-fiBttts© h7 
(? y -ttttisro h7 7f *s^ipi«t>*siJ) tzmmu 1 u 7 

MJiK J: o T ^ icf&WTT S C £ *< nlf£ ttttfll 

aawiai*^^ Kswrac o^y. s 

L. r ^ * V y -«8ttfgtt#5&l-Si^5.3£iai4*£^l- J; * 

x 14 ? y -»itsiiM®cD/h * i*R?i»t±iiiicig l x *> 

saiait^i-^ L-r i** -p y 

(o«<k(D^(pii:i^i:^(Siicip|< ctic&y. imtz<£%. 



[00 1 8J £fc. **W©ii^7lC|Ea<DSEMIi. 
IS^6a)s2<DXglZfc^T. «tm«ta5»ll^£S! 

XR3iffitiM£fi£MfeUSU 11 ©A-f7XK3£«8t4Jg 
«ttK(DJiS£m2(DSFffii:L. Sg 1 (D^ffi £ tg 2 (DW 
£^-T *m2©XS£^r-5 C t £#tSi: Lfct©T? 

fey. M»Mic<fcas^£^-ri)Sa«ius£7y-« 

H®(0±lcBfiR-raci:lc«>:oT. 7 'J— WSJ! 

±®*<? >)--><ft*ttzm 1 ©R5i»ttm<D±i=. m 

2 0)J5^«ttJIA<EE)S^$*i4/:i<). SfM 
M«l:m2a)S^»tt)g(DF B TU. 

<Dj5&tmi?:izttLtz*,<Dtu y , y -<X(0'>/«^t^. 

K £^S"T a C i: A<T- # a i: ^ 5 ttffl £* L T . 

[oo 1 9] *s£Wcdmi^«i oiz^momm 
s^-«romffiy- KHfti;/w TxsMffig©! 1 

J^fiE-T OlS^ft a C t Lfc t<DT-fe 

m&V7>j-m&m£®2mi§f£mi,x. am«ta^ 

^£PEE-r*mi<DXSi:. ?y-«14g(D-h£a5 

-hlrKSU^Xh£JKfiELT. mi©/W7XJ5»«tt 

y»U. ^-<D±IC. £S-«<DIB2(D/WTXga«lt 
K£fiE^1$LT. illicit LfcSM ©A-f7X 

J5^«1±H<D±H£mi©¥ffi. B2©/W7XS5iia 
14ffi(D±ffi£m2<D^®t U SO, 
«)®©limi©/W7XR3ifl514m©M©-Cfey. H2 

<S:m2(0/W7XJ5^ffi14^a>^@i:CDftT'fey. 

*<Dfflizmm.£&&-?z,f&mtffo$ >/ UTx&&m&m 
±i-. £fc-aro*£y-K@£i£ii^jrr£iB3(Dx 

8i:£*-r*Ci:£#ai: Lfct<D-efey. Sfc. 

i8(Dii*JSi ziztmomsMtt. i§#Jiii i©s3©i 
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*?-#©*« y- mzmmi&f£-rzm3(D3im&ti-t 
i 3izuwL<onmit. m&mi i©tg3©igi::*ji> 

5K. »«y-KBIBi£j?£gL-. **^B©d>fc<t 

-sp£8"IM;l.t. £*5-**©msy-KB£sa*-rsm 

3 ©IS? tt4 C i: J 1$fti: LfctOT-fe D t gffg 

L.fcSP#©iHb£B&itU W6t££fc-t;*1**Ci:*<T- 
*;K*KJ:£fc14£<b*<'>fc<. y-fX©^t\ 

to 020] bit. *36HB©*lE©ftsSico^-c. mm 
[0021] mrnomm i ) m ^ *ix@2 1*. *mm 
m»mmz*tfo-tz^y pm&wmfrzatziEmn&m 
bttiiM'Sf K©-ss©iEofi«w&«;tHT?a>*. 

[0 0 2 2J ID 1 dfcl^T. /<-7D-f> Co$7t^ 

£*»i:rsTSi»v-;uKB mma-?) <o±izmmt< 

tltzA I 2 03, A I NS*IM*S i 02^©#fcf«fc|i# 
»*ffll^fcT»^W^I6SS (H*-*?) ©.tic. I 
rMn. 0rFe2O4. N i O, FeMi>3i^#K. Pt 

^tg. Co. Co Fe££R^£»*N:^&@;&»14 

B2. Cut*£«iBfcir«>#W±B3;R.ij:®5£ttttB2 
t I3*3UD5£«1±«#£ *m t -r -5 37 »J B 4 

BIT. GMRl^tf3) A^aSE^+tTt^. M 

iz. GMR*^5^«^-r5S±s»icfe^7u-ai4B 

4©_tBlc, W*fttJ|««Z2:£,|:o?tt1 ©¥ffi6& 
tfSg2©¥®7©fc-5fS:M£*L.. lo, R&ttttBl 
tl*fia©&ifiaHt#** oTI*. »fc£g)gt 

XMtSiiTl*«. SI". /«-<rxs?i«itt^8©±ir. 

££-**©»« 'J - KB 9 tftefS. $ iiX t> -S . 

[oo2 3] *£-*»©*« y-KB 9 »i//\vr 

X£5£ffi1£M8©gaiLfc^#©6*fc£K&itL., 
£l»l-t <*-&&©*<»£ L-l\, 



[0 0 2 4] @S«i±B2^tM*7U-ffittB4 0*>tr 
lcffi^b<D*fil^«*)^--5Ka»ttB 1 *l>lt/W7XK 
Si»tiK8^©5*:*©§!&«i31 (T^-;u*ig) I*. 

-^fi o«ttMK£*ife*. io+t??ii o. ma 

')— KB9Xtf/W7*j5S£«1±lg8;&<jS£©ffiM*|::/* 

t>, @^fiittB2lz«Hb©^(Bi^ift^-r-5fc»© 
S^«t14B 1 ©SfcffiSilfctti: y y -K14Blcffi1b©*l^ 
£ttfcrf £fctf>©/ W 7*R3*i8ttK 8 ©Stf&JII&ttt 
li. »»©»*. &»3igg&tm»3l$|!Sl©/J>/«f < £ 
* 1 O(0^#*W«f*J: E8»&B 1 Jfctf/Wr 

I*. 

[0025] @5SHt1*B 2 1*. RUffi&B 1 £ 31 < £31 
Y^|S| («®lCiSft<D^j6l) lCil<n&d*lTL*«. ftfe 

^«Sfl|r«fcoT«^$*l. ^<D^bO)7j|S|A<X^r6| 

S5 l ©¥ffi60SP»©y WrxR5S«ttt|g8lzmLT^ 
*7'J-0E14B4<Dg|1»i:. If©*^l^2©fI7 
R5tfi9iffig 8 \zm L T l^S -p <J -ait 
B4<Dffl»ri*. ^©e^aiP©5$*l=MA<*^**. - 

< U y , st^ffifflJUJilc^tilSfilat- -5 1 5 1# 

tt£*u *ro^<b#tttt/<-rT^siiiattiS8(D»» 
rcfcymtf*. 

[oo2 6] @3tt^y-«ttBic*^*«6«tifi©ii 
$ t S^aJ7JG)|8«^ £ a. u-v a > LfcB-cfe y . 
^ y-«ti4Bi-#*o$tifcaiP<Dit**<*«ic5it^^ 

t*t»^S„ #1-. SkA/mKlT (100Oe«T) 

[0 0 2 7] UE-pT. KJ?©/h*t^1©¥ffi6(DSP» 
®/WTXR?tM14K8lC«LTL>i>7y-»ttB4© 

is^l. /wrxs$t«'ttMi:mi©¥ffi©aj^©3'y 

-«ttBi©K^«tte^lc«ki > JS$aS!L3&<. 8 k a/ 

miilT (1 OOOetlT) lC/«C^ c fc5fC-rSCtlr < fc-Q 

[0 0 2 8] *fc. GMRX?5«||lttiiSiffil 
2*<. 02 (a) IC^-T«fc5fC. JSJiaEttB 1 (D±K. 
I1fl)ISieii2T. l^itt1iBM2 2. ^2©I$ 

aitBi^2 3t>mmf$.mzixizmtfi£*iLTi^mmm 
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m&mm2 zmmmizji-ox. *-©2HBitB«2 2£:fr 

[00 2 9] GMRi^5jafiEtl>7'J-ffitt 
B4A<, 02 (b) lc*-r«fcdlc. :7y-«ttB4£|§) 
#<D*m£ffllvr, Sg10>:7y-«H4Blg2 5. »2CD 

^';-»ttJiK2 6. „ ign07y-aittBiS2 

7£BI3K»BJ*]8I;**U So, »y£??'J-BH4BM 

<Ott»l±*>SlMc|g«(D»»^fflL^TBE)§^*l.TL^*a 
B 7 'J -tt£B 2 8 atxoiis 5 *r- * fcl ». 
[0 0 3 0] ft % **J6<D»Sli irfcL^r, «&«t»t3i!i 

^^BfrrsiMattBt ltc u«0*Httt***r 

£^fcl?rPGMR^lcol*Tl»0J)£LT£fcA<. * 

m rb?-i=m lt *>mm >) - tmmo>mtfL£&x.T*§& 

[0031] tt±<D«fc?l=*ISi£<DB&1 K.fc:h.l;S. # 
«lc5S<a<b*ra*BSLfcL>ffl»(7U-«1±B«)h 

#liA* It* If *ttfft: ft SIlMlIf «^ 1+ -6 1 Sffc 
ggjbMTF-r «fe«>fc$ U »Ull|t$ AMtfc < ttlMBft- 

0>*#ft J& 2 CD¥ffia>gfl#0)R3iBH4llll38 LTl>57 
•J-«1tBlctt, &lNM3£tt1«S^l::£*>tS^iB#A<^ 

lc& L T 7 U -8t±B©SP#<DK5£«ttlS^I- «fc -S 
*g£Bt#*</hS<-C4,. 2c3£LTlgJI<D*#ft:m2<*>sp 
iB<D»tt<Dfi5Siaffiglz8 L"CL>«>7 U -SB14BCD«Hb 

©;frft<bi^cm<D:#fticft;*s<ft:y. mm<o 
*£i>Si i ©¥®(»6&#©5i8»ttJSic*gLTi^:7y 
-«14B<&«?#<0R&m££«fSW*'J^l*fctf>. rtSS 

75 ft A<fHb LS < ft: y , / / vMff W * X(D3£<feA< 

*<-r?#s. /WrxRSiiSttJgtrois^aificj: 

£aM4BlcJ**.&ffcgl;tft: < . ^ftlcfc 6®£BH4B0> 

B£©*S£»I?£8 k A/mETFCDa£l-££LT-£S. 

?5£14&<D|Sj±£0£>Ci:j!><T-£.5>., 



[0 0 3 2] 8B@5E«aftBIC-f SC.hfC.fco 

T. J£^KttBi:a)e^»SlcJ:-i>J»ib<D*rS|A<l^lc 

tlzJz-oX. *«lttBS^LT^|S|-r^2 0<D@^fflt 

Wb<D^[6|A^<®S$*L» fcSlVDffifb© 

t,^. aSffii=fci+i.WbO)*ip|4,3^ic^Lfct,<Dt 
ft:*. 

[0033] (*Jg<Dfl2JE2) 04-01 1 lt*&W0> 

[O0 3 4] @4IC^-r.fe3l-. A I T i C^£$mt 
LfcS«4 0(0±IC^M2?*l, /<-7D-f, CoS7=E 

;i^ 7 xatttK£i*tt f e 

*4^**tt-r*TgPv— ;UKI4 1©±|=A I203. A 

•v :7t&J§B 4 2 ^ fiEM-T 
[O0 3 5] fgl (DlH,!: LT. 05 (a) ICij* 

TSP4f-V^^*feJSIB4 2©Jll=. I r M n , 
aFe!03, NiO, FoMhS§tg % NiMnlg 

B5 1 £{£1SU Jgl~» 05 (b) lc^fJ:5^. *0> 
±IC. N i FeStti. Cos5lMiCoFe&M? 
^Wi:Lt@S)ltti5 2£j£fir<r.5„ 05 

(c) IC^-T^oI^ ®3?»t4B5 2 05±l-, CulS 
«»i:-r^*«14B5 3^«|g-r«.o WIZ. 05 (d) 
I^-T«fc5lc. *«14B5 3<D±lz x @S»1±B5 2i: 
Plfll(D»*4^ffl^r7y-^14B5 4^B£)SL ? 
14B 5 1 . 0SI814B 5 2 . Itffi'ttB 5 3 &.lSz> >) -m 

1*B 5 4 mzmmmm $ ttfc g m r 5 5 ^ 
[0 03 6] laroigtLt, 06 (a) ic^r«k5 

IC. GMR*f5 5<D±|C. GMR|f5 5 £fl|fi£-f 6 
J5^ffli4B5 1 irttMa©saiffitt«« ((& L, m£iz 
iotli, aFo203. N i om<»M\t&fctimte&t> 
fttM$5A<at^) JfflUT/^7Xjgattttil6 1$ 
fitl^Lfcft. 06 (b) IC^ck^lC. GMR*?-5 5 
»i;/NVr^J5^atttBK6 1 (DBSt>*SSBP*.^-y Kh 

i •> ^ v^tftD^^i- j: y »j y as y . m y b*tr «j? 
< ftort^m i o>¥® 6 2ai;s€(D8'iy9tt> 

*TTL^ftL^Jl<D*^L^2<D¥ffi6 3$*-r-5SSro 
[0037] laOIgtLT, 07 (a) K^-f^o 
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IC, Cu. C rSUM*Ta3?©#i81«fc*m£ffllvC«« 
'J-KSH7 1 ^RH©fe*/WrxSBiffi1t)g6 4© 
±fCJ*KU 07 (b) tZ7jk?&olZ. 

6 4 ©KB©*£ USfr»©H 1 ©¥B 6 2 ©-&*< 

^<7*§f©7jsuc«fcy. ttmm y- ksm7 1 

©-ffl»£«y»oT\ £=&-**©«« 'J -KB 7 2S« 

-*t©m« u — kb 7 2 w r * ssmayi 6 4© 

I1«)fi6 2©-g&©SSaiLfcgP#©-tlC. Taf(0 

[0 0 3 8]3)?IC, 0*L&IV6<. *+'j^i8 1. * 
*J- KB 7 2»tf/*'fT;*K3SBH±B6 4 

ft^v K£f*arrs. 

[0 0 3 9] fJ^©mi©XStUT. 09 

(a) IC^ckdl-. TS»^-^-V^lfeSB4 2©±l-. 
JRa««ttS5 1J(tBL, IglC^ffiJilC. NiF.St 
^K. CoSfclMiCo Fet*I?$«fit LfclfM © 
0£BttitBBt9 0 1 . R u§?©#iBtt*t«£ffl^fc|g 1 

<Dim&mm 902.n1 om-^m^fsm 9 o 1 1 mm 

©*m£fflt*fcS5 2 ©@£«HtBBI 9 0 3 £KU*«Bfi6 
ILT. »B02»ttB9 1 £»j£U *0>±lz y Cu 

O 1 ^©»»t^«©««$fflL>fc^»J-«tttB5 4$ 
>S**I8LT. GMRlH^f-9 2^*LT4>filV 
[OO 4 O] £f-. HiF»©fg1©XS£LT. 09 

(b) lc^-r«fc5ic, TSM^-y^*6»B4 2©±l-. 

ssitt&B 5 1 . ®zm&m 5 2 ai/*«itB 5 3 

*j£BU Hl=. *©-tKmi©7'J-Hat£BK9 1 

1. m2©7'J-itt14BIS9 1 2. , £n©?y 

-«ttBIS9 13 (nl*2KU:©IE©S») £IB3K«B 
iSiiLT. «B7y-«1tB9 3^»«LT. GMRi 
^9 4£JBfifcLT4,fil\, 
[004 1 J tlfflI§l:T8i«gUGMR 
5 5 £ Jfclfrt i: fg 2 ©XglcTA* T 

tttiie 1 $j£ig-rsgB*<jtfc-&ijiti-i;fc. ss2© 

IgtLt, 7'J-«1tB5 4©±ffi^A rmz&&Zt 
>)X'<V*mMtE CR^©7j£lC«fco-0 ')—-Z/9 
U :7y-ffiteB5 4©±S©8HtK. ItfcltlMi^ti 

14BBI6 1 $fitlgL-C. K^-<x^^>^©^jilc«fc 

y. >W7xj5&ttiiBig6 i©-s»£S"iyjDiy. 

££*-f&&£©ifcS>Uy;*K&jailM6 4 
fcMffJLU C©B#. ?y-»ttB5 4©±®£^ 



77l^fflftl 6 4 i: ©&"il::l*J&fc©:rt-«E*<fc < , #3* 
fc«K /WT^JS^ffifl^6 4t7y-«14B5 4©ig 

[0 0 4 2] g3a©lB3©X8IZfc^T, glO 

ic^-r^^ir. /WTXJ5^«ttlg6 4©mi© s Fffi6 
2©±|C. tlUy^ HOI JMLt, /UTXJg 

&«m±K6 4 ©±ics«-^©msy- kb i o 2 

[0 0 4 3] ^2©XS»lX|g3©Xg|Zfcl> 
T\ I201it Lt. «5^©«2©Xgir^«lcLT 
06 (a) |C^f«fc5t. 7'J-IttB5 4fl)±^l9 
£-51^ 'UTXR&m&mme I ^JiSBtLfcaL &3 
©XgiLT. 01 1 (a) IC7F-fJ;5lc. Mlc*©± 
*B3J:5lc. tt&'J-KBMi 1 USIU 01 1 

(b) |=*TJ:3l;: % 7thUy^h$HSLT. 

y- kbbii 1 1 ay/W7x5««ttBK6 1 ©-gp 

^ K^-<x»^^>^S?©^lc«J:y^|yBjor. *ffeSJ 
©KB**** Ufg i ©¥ffi 1 12J*U StKISJ?© 
*£l>ffl2©¥i5l 1 3$tt5Si©ifeS/W7X5 
8«fflgi1 1 4»lX/>VTXS^»ttKl 1 4 (Dm 2 CD 
¥®1 1 3©_tlc£:&-*i©mSy— KB1 1 5£«£l* 
LTtfiU. (SSL /WT^H^»14BP6 1 ^«|g-r-& 

»i=. 7y-atttB5 4©±ffi^^y-^>^LTteL^ 

[0 04 4J «J:©«k5l-*lliS6©»®2lcJ:*tl^ # 
«KS < HHt;5lS|£ @£ LfelM*#(7 y -»14B© K 
^ -y ^*gg»#Et*1-©SM») Ic&lv^-f r>lBB£fttrt« 
-75. j^V? >\+>*i^J 4 X*Wx.*>tzMz/U 

(^y-«ttB© h 1 ? iz&mtz/UT 

£AMT£Ci*<. **i^©S?»©S»fiai4M©KSIc 

j: o -c&%,\zym-t z c t A^^^«m»tfiam^s*is 

Htft^-y K^ftffifT-Sci:A<-C#4 0 o*y. /W7X 

s^ffifs^t ^ y -aits t©jseiatt^ Lfc^ta 

/<-<T^R3a»ttR©K®lc«l:or^b-r-5. 81 

*#<fcy. fe«>S)sa±©S8J5ic^tf^©e-&»^i 
^■r rxs^aiiiK^ 37 >)-m&m<D±izmtfL? 

^CtlCfeoT. ^©KI¥©*^<£S?»lcmLTt>-5 
7y-«ttBI*#^lc^t^^ffi5Pt?^$^. -75^ 

v k i-7 y ^seia^ictetNTii^ y-»^Bi*KB©^ 
©^^^wrxs^attrnt^cstai^^Lr^ 

-&7y-K14B©«ft©7J|S)i:l^i:7J|S)l-(J0< 

y . Lfc Wt©75lSlA<# t>*v5 ^ i: y . 
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y-rx©'>fci\ n±mm<omi\ w>w£i±m<Dm%%. 
[oo4 5] *sl *wJm*:fm&$>z.t\z&v. /i 

[0 0 4 6] @SittttB^LM*7'J-?»tt©<D* 
* Icttfc©* ft $ «*D^- -6 KSHtttBiS LM*/ T X & 
?S«tttM^«)*>5r(0gft«ia (7— — ;H8iJl) 1*, +w 

tfy W 7XKa«1£B*<Br5£<DftM*|c/ - - > y $ tt 

[0047] fiSL «SS^«1±B^«-r*wi:lcJ:o 

B©«iBfiW?lCj;£3i;h.«8li^ ^«1±®lg*^LT^ 
JS^fcB^ffittBBST-ttt^TCtlzfcy, y-<X£ 

[004 8] (HJ60»»3) 01 2-01 6\t*mm 

ommomm 3 * *^-*bsi»ibbt- fe y , wfeRHRMg 
s«Mi»^H-e. »ftffi«i*£{*ic*tfp|-r&'v<> ksm® 

[004 9] «5ja«>IIJE(D^2 t!3«lCLT. !g 1 <D 
iStUT, 15 (a) IC*-r«k5lC. TflMr*??* 
J§B4 2©±IC IrMn. 0tFe2O3, N i O. Fe 
Mn&$£|g, N i M n So&SlsHMi P t Mnl^f 

Bli?(Ott*4£ffll*TEaii&ttB5 1 £fi£!glU 0 
5 (b) IC^-T«fc7l=. *(D±|C, N i FeS^g. 
C o*lM*C o F e^#lg^^«»i: LtiS«14l5 

2^^-r-&. ^i-.-@5 uric^r £?ic, @sa 

1fB5 2<DJ:IC, Cuf?£*m£-r.&#i8ttB5 3£fi£ 
ffi-T-S. 115 (d) K^-t^lC, #11115 3 

CD-tic, @gl«14B5 2i:l5j«ro*r*4^ffl^-T:7'J-Jl 
1£B5 4£fi£|giU RSi6teB5l. ®5£flBt'l*feB5 2. 
#«tttB 5 3 &U y U -ffiteB 5 4 tfSSK-CNMtMlJg 

[0050] m2roX?ii:Lr, 01 2 (a) |C*fJ: 



5lC, GMRi?5 50)±l:, GMR§?§^5 5£fl|j£-r 

1 2 1 Jfi£lg-r*o 3KIC. 01 2 (b) Ic^-Tck^lc, 
UyX h 1 2 2 £«Jfi£ LT. f 7XK3£« 

tiKi 2 i<»±ic, mi«)/WTX5^atit^i 2 1 ,t 
fflt^T&^-*4©m 2 rx 

t±mi 2 1©±lfSi^ia)¥®1 24tf©Sl0 

rxsaai&gi 2 1 <o±izmmtMzm2(DfU 

TXB.&&&m 1 2 3 0)±.mx-&>&& 2 CD^F® I 2 5 £ 

m&m-i 2 1 ©Mff-eo^o-cfcy. u^ro^ffisp-ei* 

f 1©A-f7Xg3«ffig1 2 1 ti2©yW7XfiS 
ffltSl 2 3©**<Z>JS!S0>:fi]T-fcy, ^JIMlC«fe-6IS 
H£*nr*/M-7X&3i»14Jg1 2 6JMt4Zf:A< 
T'#£. CCf. mia>/N*-fTXRKfflEttlg1 2 1&0: 

m2©/<'rTxR^«i4Mi 2 3 ^y-ai* 
B5 4ic^ba>^iS)$ttDDt- ■SfctfxDS&aissM* {tax. 

ms 2ic»it(D*isi^)!io-r4fcto(DH5aKi4g5 1 © 

icjgtfftfci-mtffc&fci*. Sfc. % i (D/^-frxR® 

2 1 tm2©/WTXS?*»ttMl 2 3©*m 
li, m2©S^«14Ml 2 3£ffiMtr&c£l::«fcy:7y 

34ffi14Kl 2 1 im2 0>/M-TX&S«fflKl 2 3lc@ 

[0 0 5l]l3©lgtlt> 01 3lc*-TJ:5lz, 
SS^H2 2^|fflLT. i6-Jiffll2»/<-f 
77fiBIttKl 2 3 0J1IC. Cu. Cr^LM*Talf 

(D#^*m£ffl^T£*r-**(Dm<iy- k» i 3 1 ^ 

[0 0 5 2J i4©IltLt. 01 4IC*-r«fc5lC s 
S*-S*(D*»y— KB1 3 1Rtff10)/W7Xfi3 

atfflsi 1 2 1 roam Lfcss»a)±i^ t a if onnzm 

I^7?H1 4 1 

[0 0 5 3] SfclZ, 0^L^fl>A<, 4 1, 

'J — KB 1 3 1 atf/U7XSMffli 
1 2 6^SrS(D»ttlC/N-5r-ZL>^LT8liySiy. IE 
IC. ^ttf>(D±IC. TgP^VV^jfB4 2<tl^«(Dite 
^«*4$ffl^T±S?^w^}fe»B^^)lL. Sic, •€■ 
0>±lc, TSPv-;u KB 4 i tH«(D«cffli14«»$fflu 
T±S8v-;uKBifB£MPfi£LT, H*fflffltS»tasaS 

[0054] psj, m&<Dnm<Df&mz<D&KDj:m<r>i& 
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[0 0 5 5] £fc. %2.0>lM0>fe0>-mt LT. 01 
2 (b) lc*-r<fc-5lc. tiUv7M2 2WL 

r» m i ©/w TxssatiK 1 2 1 ©±i$a r tsi- 

J: 5 ? ') X / W * E C R J: o T ? U — 

-^L, Sl©/W7XR»Iffi§12 1ffl«IfflB 

m 1 ©/WTXESBttK 1 2 1 ©±|C. ig 1 ©A 

-f rxsaaiiiii 2 1 tm&<»R&m&#nzm^T 

3£*-^©^2<D/WTXfi^atlSl 2 3$^SM 

-r-sctio: y, mi<D/W7*R8i&ti&i 2 1 tm 

2©/W7;*R5i8ttKl 2 Z tO>T8l\Z\&mtoO>1t&& 

*S£«JMD8£A<«T-rS;ii:fc<. «fcy££LfclS^ 

[OO 5 6) £fc. ^2<DIl©ft©«tLT < TifF**© 
j&J£©fl*»2©Sg2©x:g©<fe©«±:p}i;«*:5lc. |g2 

©xai=£i*«a i ©/WTxfiaatige i 

-5>&a£#lfc&£#tt. 7'J-IftI5 4ffl±I$Ar 
m izjz X A-y $ SUM* E C Rf©Saic»: otf 
•J— ->^L. :?y-»tiB5 4©«S©&<bK. l/v 

x h<D»^, aa«xM*$&h.***yiKi*fea. 01 2 

Ic^-Ts; 2 ©IS <b B L<fc 5 1~ LT, i?»J-->^**i 
fc 7 'J -«£B 5 4 ©±£5 5 J: 5 1 ©/<-< T Xfi 

&m&m 1 2 1 seebl, *<r>±iznmis*>* n 2 2 

£*2j£LT. ££-**©m2<D/W7XK3ittft&1 2 
3*«I»«Lfc*tffil». n%©X£©BS2 

$*«gTt4Ct4-<, «fcy£3£Lfc*S^»#£*3-&C 

t*<T-£-5. 

[O057] £fc. f3©Igffli»-fliLT, £2 
©iS-eMLfcfSUv^ h£»JI»Lfca, 11 5 

(a) |=9?J:3I=. Si-a©S2©/^7X£a« 
2 3WI1©/<-f7XfiailHI1 2 KDSUJ 
Lfc*#a>±£V? £51::. *»»J- KHK1 5 1 
gU 015 (b) icjjj-T.fcoK. »1©/WTXRBI 
BOH 121©I1 ffl¥1 1 2 4 (D-gpA<Sm-r*«k 5 
|z. 7t FUvX hJIfLt K?^ iff ©A 

sic j: y . < £ t«e y - kbm 1 5 1 ©-gp* 54 

RfcLT. tt-MOWi'J-KII 5 2jMLT4.fi 
I*. 

[0058] £fc. f&3©X*I©ffe©0i|i:LT. !g2© 
■T«J:5lc, I1©/<-f7^5Siffll12 1©±l:, SI 

©»silvx h 1 6 1 j»bkl-c. ££-*t©may— 

KB1 6 2£j£Kfl2&LT*,fil^ 

[0 0 5 9] BLh©*5l-**16©»®l3lc**itf. b9 



2 IVW TXSSBttlUlCfg LT 1*4 7 "J -«ttB©fflt 

ftoAAtt. &J?©:*£fc/<-f TXRSBtiKic&LT 

M— =>>f **lfcB 1 ©J53$«tt]g©±l^ 12 
©S3i«ttil*J«BI»Jjt-r*Ctl=J:oT» B10B9I 

ifc«fctfBatok*S£*<3?£LT*#t>*u MB©*#fcH 
^ffitt m 1 9fcl*£BBtttt*i= <k L T l> 

* 7 'J -»1£JI©HHb©:frft *<#&lz3c5£ L fc © £ is. 

y. y-<x©'>*civ nscaoxiv S5s±»tt©« 

fc. /W7XRaWUI4®«Al»t*ot/W7X 
BJl£*tt«fcft. *-v*y ^u>^xiri8t>t > -rH«© 
j»££*TL. z©A-frx»#A<@£ttteBl::^ 
il*Kfttft<, **t|-.fc&0;£«1±B©HHb©«£4, 
^Lfct^fcto. tB*jR»©^tt©*ft:*<«)xt > *ifc« 

[0 0 6 0] (Si. MiS©IISS©»®2~||J6©^®3|- 

lcWb©^R^»-r^l»«i3gl*. ^4©IgtLT. 

-7iBi>mmz*itz&. mo, say 

-KB. /W7XKS«t±&:&l/^MRm^A<ffi£<j5«* 

=>4r$4vcMyB&*i.tMi=. aarr*© 
**»*Lt\, cct?, S£»1±Bic»*b©:5ft£ttJ)crr 
£R3iBM£B->©&fliJl£tt («#©^$. ffiSiggR 

SM*mB ****** 5 1=. *^®Stt14BI~«r-6S^ 
MttBAOf? y-«ttBlcBTf*/«-f 7Xfi3lItS© 

»»*««*>«<f ftt>©tts 5 * t- t nt t>. 

[00 61] (3IJfi©»B4) 01 7~i2 Oli. 

mvmmoi&m 4 j^t-aiBSiftiBs-e fe y . m±mm% 
&&&>mmmmm9i^v K©siitxg jittiB^--5fcto© 

mmmsL^v K©»is^*&iSBiicsiiB-rs 0 

[00 6 2] «5^©SIJ6©^2©mi ©IliHCJ: 

^«EttB 5 2 . IMKttB 5 3 RV? ') -ffllttB 5 4 A<«S 
?*»Bl^P?*tfcGMR^5 S&HZfiL-r&o 
[0063] $2©IgtLT. 01 7 (a) \Ztt& 
OlZ % GMRff5 5©S±gPIC&^7y-M!iB5 4 
©±*«5*aiC mi©A-<TXR^ffi14mi 7 1$ 
JSKL. MI-^©±I-s ++7^11 7 2^fi6K-r-5. 

^l-v 017 (b) IZ^-r*5lC 4rA» V^Bl7 2© 
±l-»SUvX h 1 7 3 £Ji$G£LT, * 1 ©A-f 7X£ 
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711 7 2£§fiJ*V. 01 7 (c) * 

fifcK^jaLT. igj?©mfc-&K££*-r*£ai«ttJgi 

[0064] ISCDIliLT, 01 8IC^J:5IC. 

g!i/vxn7 3j|i|fflLr, £*-«a>jg2©/W 

TXH5£8fflKl 7 4<D±|:i. Cu. CrSEtMiTalf 
<D#»1±»»$ffl^rt*-«OS«'J-KSl 8 1 £ 

[0 0 6 5] **l]»t0Xatt. B5^COHJ6(D^ffi2t 

[0 0 6 6J ft. iU^<D^J6(D^©2a)m i «)Ig(Oi 

[0 0 6 7] l20)Il©)6(D-«iLT, 
017 (b) |C^f<fe5lC, *Y77|17 2(D±|:f 

k 1 7 1 (Da®A<£^icsaj-r 4* a y 1 

X^IMl 7 1©_tffi£A rSffZ.fc.&^yX/W* 
lKLM*ECRl?©75^ICj:oTf J-->^U |1© 
/^7XSSittg1 7 1 0>^ffi©B£1blg, Ui?Xh© 

X£5i«te|g1 7 1«>±K. S^-^(DB2(D/\*'r7'X 
EltttH 7 4£fi£Bt«Jj£LT. SI?a>fifc.Sf£££ 
=Tf 5R5£HtttMl 7 5£fl$j«Lfc75*<»£LlV Jiffi 
A<f J-->^$*tt=mi ©5S$«14Bla>_tlc. 12© 

«*:tfiiaWfc£^*<3c5tLTSI**u MJ5©*£fcR3£ 
[OO 6 8] ^2<DIgIrfclt^|g1 

R^attSE 1 7 1 ztftrntzmmtfrn 1 ©xgicfcit 

i>GMRm^5 5£ffi5f£t-£3£S<!:*&-5ii£r;J\ 12 
ff)Ig(Dife(D-Mi: LT. wl^<DSI«S<D^ 3 <D« 2 (0 

T9'J-->^L, IS 5 4 CDSS©K<bE/"" 

1 7lC^rm2(DXgi:ISJi:j:5l-LT. <?')--^<f 

xsaiiattEi 7 i «l. Mi--e©Jiic s ^v*? 

Jf1 72^LT, fffl±lrt2bvX H73ji 
fi£LT. £*-Mwm2(D/WTXJg3i«tt4Ml 74$ 
)S^ltLfc75A<fiLV CCDK. 7'J-»14g5 4ff>± 



ti1fl)vW7X5iIttI1 7 1 £<Dn\lZ\tmfy<Djt 
SLT^btiSfctt). /NVTX£3*&t!tlg<!::?y-«tt 

[006 9] mtz. &3<D3im<DteO>-WtLT. $2 
<DXS-C»fiE$*tf=S^UvX h£8iJB*Lf=&. 01 9 
lZ^-t^5l~. m2(D/^TXSja»1t|g1 7 4MS 
dJLTL>-5+A' y7JSl 7 2<D±$S3 J:5IC. 
- KSK1 9 1 £l£KU +t"^H 7 2ffl 

^x^^VOftftl^ytt&'J-KHKl 9 1 £M 
S«-»fl)flU-Kl1 9 2£»j£LTt& 

i>. *fc, may-KB*(wy«iofc«; /U7xss 
eejn 7 1 $we>t£t^5i^+^v7Bi 7 2<&*m 
$s«?-r -s c <t t pFsi-efc*„ 

[0 0 7 O] ^3©lSrote©«t LT. &2<D 

xeT^fiE^^tfcS^UvX h$giJ|»Lf=^. 02OIC 

h2 0 1^)SLT, t€-^(Daay-KS2 0 2$ 
«J/£LTtfil\, 

[0071] m&m&mRifz>>)-vmmiz*xm 

TA<0rS<D^ttlc/ ^ — ^ $ tiTgi) y Bl f,*i-S85 
l=. §tlTf &G>A<#£Ll^„ CCT% BSffitfeJlKiMb 

<D7jr£G$#*o-r-Sfcto(DR3i«ttg'va>Sft«is^^ cm 

•fSfo JDD-r -5 fc 7XfiMttB^©S!ffil^ 
< 1 1 1 o<D3H*JSBAW«£ 5 ^/?0 

/ U T X S&ffittlgOtm £S tali * fc LHDteS 5 

[OO 7 2] Jil±©,J:5l-*SIJSa)»®4l-«J:*ttf. m 

mo* z U* u r x l t ^ y -vm 

Txs^fiSttEic^ ltln«>^ y -»itB©aanbo)^isj 

l^lc$SLfc6^b©*|SjA<^t>*i. *fc. ±®6<-?y 

-- >y$4xf-m 1 ©s^»ttMa)±i^ mz<DBL^m 

14Bi$JS^)S-t?>Ctlc«k-DT. miroS^«ttMi: 
m2(0JS^«1tM(DraT. #Slcfi*f^*14fccfclX» 
miflfc*S€r*<££LTi#ib*u M^<D^:^^^«ttE 

«14)i(D«<b(D73lRlA<#^I^^Lfc4,(Di:^y. * 
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[0073] 

t*-r*/<-f 7*KB«8&jgi£ urns c ti-cto 
i*^LT*«ic^t^^asT-e^?*t, *©a»b© 

s^affigi-}* lt u-s ^ >) -m&m o&wm 
^ 'j -«£B©«P#©5B«ft*s^»Jw<'h£ i*fc*>, 

ffi&ffifiM{fcA % 8©tt^l-«l: oTfiMb©73l£}j&*^'lb L£ 

T? # •& t ^ 5 Si* £ * LTM . 
[lffi©1S*fci89i] 

rati *mmo>nm<Dm&T 2m?nmm%^v k© 

iEffilSKtSita 

[02] ^.mm<r>mMa>^myo>m<om^-tmwm.% 

^•J K©-8P©iEffi«B8«5ta 

[B4 ] **l?B©£J&©«2!g 2 ^sti»-r.6-3»M«st^-v 
K©3ggxg©-gB©xfi £ m+wnnmm 

[a 5] *3^©*iS©ftMg2l;:fclT&Jfn©Xg£ip 

lie] *nwo>mmo>j&m2izisnzm2o>j:n&7ji 
rttisswia 

[as] *3tlS©JgiS©}&82l::fcl+3!M©xg£^ 

rmstwa 

[a 9 ] *&w<Dnmo>i&m z \znn &n 1 ©xfg©«! 
©«^*-r«BSijiB^a 

[110] *3§i?B©ll;SS©fl^2i::fclf -5fg3©xfl© 



[in] *few©n»©^2/zfcif-5m3©xg© 
te©«$*'ra»i»Ka 

[@i2] *§zmo>mm<DMm 3 iz&i+zn 2 (Dxm* 
^-ffflBSiawa 

[n 3] ^few©siS6©^S3icfci+«,m3©xg^ 

[11 4] *^©3ltg©^S3ICfclt^m4©Xg^ 

^-ransiftKa 

[us] *%mo>nMomm3\zt$vz > m3(DT.no) 

[116] *^©*Jg©^3l=fclt*m3©XS© 
te©«£*-f«WSi»HBB 

[11 7 J *^©3IJE©»S4 ICfclt^|g2©XS$ 

^•raBsittwi 

[11 8] *#E^©Hte©S28l4Kfclf.5gi3©X:g£ 
^•T«llBittl81 
[11 9] *#ei8©^$fe©^4ICfcl7-&m3©Xg© 

[12 0] *fSI§©SIJE©^4ICfcl+*m3©Xg© 

[121] ttss©s»isast^^ K£**:r*ra«tB8a 
[12 2] ^mammm*** ^^r^mnvsm^m 

1 , 5 1, 2 2 4 RSI«£B 

2, 5 2, 2 25 @5£«ttB 

3, 5 3, 2 26 IHBttB 

4, 5 4, 2 27 Z?')-mH.1§ 

5, 5 5, 9 2, 9 4, 2 1 3 ttgUStfi&imiti^ (G 
MRU!?-) 

6, 62, 1 1 2, 1 24 f1©fl 

7, 63, 1 1 3, 1 25 f 2©¥f 

8, 6 4, 1 1 4, 1 2 6, 1 7 5 /W TX&Sttl* 

R 

9, 72, 102, 115, 131, 152, 162, 
181, 192, 202, 215 *g'J— KB 

10, 81, 141, 172, 228 T7"B 
4 0 Sffi 

4 1, 2 11 TSP->— )U KB 
4 2, 2 12 TSP^W^HB 

6 i 'UTx&&m&mm 

,7 1. 111, 15 1, 19 1 mS'J— KBK 
9 1 «B@£tt&B 

9 3 Sl7'J-«Jtti 

1 01, 122, 161, 163, 20 1 ISUvX 
h 

121,171 !g1 ©/WTXE&ffiffig 
1 23, 1 74 fg2©/W7XR$£»#tIl 
214 «nV7Xg 
216 ±SMf*-y?*&$ili 



( 15 ) 1$F,fj2001-256617 



2 1 7 ±g?->-;u KJf 

2 2 o wmmm&mmmmis.^ v k 

22 1 SBft^-V?® 

2 2 2 ±SP«S 

2 23 gjgra-ou 

2 2 9 y K^-v y Zf Is 



9 0 1 mi <n®&&&mm 

9 0 2 11 <D#fiE»4@R 

903 mzomm&'&mm 

9 1 1 m&mm 

912 m2(D7';-»ttSR 

913 mnCD^'J-ffittllSi 



[01] 



[02] 




(a) 



(g) 



[03] 



[18] 




23- 
22 



(b) 




(a) 



Cb) 



(c) 



<d> 



3 



[04] 
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